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Abstract!
Since the emergence of highly pathogenic avian influenza (HPAI) H5N1 in 2003, 
Indonesia has suffered large losses in the poultry sector and the highest number of 
H5N1-related human deaths to date. Despite government and internationally led disease 
control and eradication efforts, the virus remains entrenched throughout many parts of 
the country. Live bird markets (LBMs) have been implicated in a number of avian 
H5N1 outbreaks and are considered a high-risk interface due to mixing of large 
numbers of diverse poultry species with unknown disease status. Despite this, little is 
known about the role that markets play in the epidemiology of HPAI viruses. To 
investigate the scale and trends of poultry movement, marketing and management in 
Indonesian LBMs, a socio-epidemiological study combining qualitative and quantitative 
approaches and methodology was designed and implemented. A cross-sectional survey 
of 547 poultry traders and customers, conducted at 17 LBMs on the neighbouring 
islands of Bali and Lombok, revealed a high proportion of traders with limited 
knowledge of HPAI and biosecurity engaging in practices conducive to circulation and 
spread of the virus. Observational studies revealed that many markets lacked basic 
infrastructure for crucial cleaning and disinfection activities and had poorly 
implemented, or no, biosecurity. Social network analysis of movement events revealed 
differences in movement patterns of live poultry in Bali and Lombok that may influence 
the potential for markets to become infected or facilitate the spread of infection. In 
addition, a qualitative risk assessment of bird-to-bird transmission of HPAI H5N1 also 
revealed differences in potential risk between markets, with several identified as having 
a very high risk of becoming infected. The findings of this study enabled rating of each 
of the 17 LBMs in terms of transmission potential and potential spread of HPAI viruses, 
which will allow authorities to focus efforts where limited resources would have the 
greatest impact, of vital importance in low resource settings. 
  
 iii 
Table of contents 
DECLARATION!.....................................................................................................................................!II!
ETHICS!APPROVAL!..............................................................................................................................!I!
ABSTRACT!.............................................................................................................................................!II!
TABLE!OF!CONTENTS!......................................................................................................................!III!
LIST!OF!FIGURES!................................................................................................................................!XI!
LIST!OF!TABLES!...............................................................................................................................!XIV!
ACRONYMS!AND!ABBREVIATIONS!.........................................................................................!XVIII!
ACKNOWLEDGEMENTS!.................................................................................................................!XIX!
CHAPTER!1:!INTRODUCTION!AND!LITERATURE!REVIEW!....................................................!1!
1.1! GENERAL!INTRODUCTION!.............................................................................................................!1!
1.2! AVIAN!INFLUENZA!.........................................................................................................................!3!1.2.1! AETIOLOGY!....................................................................................................................................................!3!1.2.2! EVOLUTION!OF!AVIAN!INFLUENZA!VIRUSES!............................................................................................!3!1.2.3! HOSTS!.............................................................................................................................................................!4!1.2.3.1! Reservoir!species!.................................................................................................................................!4!1.2.3.2! Spillover!hosts!.......................................................................................................................................!4!1.2.3.3! Aberrant!hosts!......................................................................................................................................!5!1.2.4! TRANSMISSION!DYNAMICS!OF!AVIAN!INFLUENZA!VIRUSES!..................................................................!5!1.2.4.1! Mode!of!transmission!........................................................................................................................!5!1.2.4.2! Differential!transmission!of!virus!strains!.................................................................................!6!1.2.4.3! Susceptibility!of!bird!species!..........................................................................................................!6!1.2.4.4! Viral!shedding!....................................................................................................................................!10!1.2.5! CLINICAL!PRESENTATION!OF!HPAI!IN!CHICKENS!AND!DUCKS!..........................................................!14!1.2.5.1! Chickens!................................................................................................................................................!14!1.2.5.2! Ducks!......................................................................................................................................................!17!1.2.6! ENVIRONMENTAL!STABILITY!..................................................................................................................!19!
1.3! INDONESIA!...................................................................................................................................!24!1.3.1! GEOGRAPHY!AND!DEMOGRAPHICS!.........................................................................................................!24!1.3.1.1! Bali!..........................................................................................................................................................!24!1.3.1.2! Lombok!.................................................................................................................................................!25!
 iv 
1.3.1.3! Climate!..................................................................................................................................................!25!1.3.2! OVERVIEW!OF!THE!INDONESIAN!POULTRY!INDUSTRY!.......................................................................!25!1.3.3! POULTRY!PRODUCTION!IN!BALI!AND!LOMBOK!....................................................................................!26!1.3.3.1! Overview!..............................................................................................................................................!26!1.3.3.2! Poultry!population!...........................................................................................................................!27!1.3.4! POULTRY!MARKETING!CHAIN!IN!BALI!AND!LOMBOK!.........................................................................!28!1.3.4.1! Key!players!..........................................................................................................................................!28!1.3.4.2! Live!bird!markets!(LBMs)!.............................................................................................................!29!1.3.5! EMERGENCE!OF!HPAI!H5N1!IN!INDONESIA/LBMS!IN!BALI!&!LOMBOK!.....................................!30!1.3.5.1! Pre!^!2003!.............................................................................................................................................!30!1.3.5.2! 2003!^!current!....................................................................................................................................!31!1.3.5.3! Highly!pathogenic!avian!influenza!in!Indonesia!.................................................................!32!1.3.5.4! Highly!pathogenic!avian!influenza!in!Bali!and!Lombok!...................................................!33!1.3.6! FACTORS!INFLUENCING!THE!SPREAD!OF!HPAI!VIRUSES!IN!INDONESIA!.........................................!34!1.3.6.1! Farming!systems!...............................................................................................................................!34!1.3.6.2! Poor!transport!hygiene!and!illegal!or!informal!movements!.........................................!35!1.3.6.3! Sale!of!poultry!through!live!bird!markets!..............................................................................!35!1.3.7! PREVENTION!AND!CONTROL!OF!HPAI!IN!INDONESIA!........................................................................!37!1.3.7.1! Diagnosis!..............................................................................................................................................!37!1.3.7.2! Surveillance!.........................................................................................................................................!38!1.3.7.3! Vaccination!..........................................................................................................................................!38!1.3.7.4! Stamping!out/culling!and!movement!controls!....................................................................!39!1.3.7.5! Biosecurity!in!LBMs!.........................................................................................................................!40!
1.4! APPROACHES!TO!STUDY!THE!ROLE!OF!LBMS!............................................................................!41!1.4.1! SOCIAL!NETWORK!ANALYSIS!(SNA)!......................................................................................................!41!1.4.2! QUALITATIVE!RISK!ASSESSMENT!............................................................................................................!42!
1.5! RESEARCH!PROBLEM!AND!AIMS!..................................................................................................!44!
1.6! OBJECTIVES!..................................................................................................................................!45!
1.7! OVERVIEW!OF!THE!THESIS!..........................................................................................................!46!
CHAPTER!2:!CHARACTERIZATION!OF!LIVE!BIRD!MARKETS!(LBMS)!IN!BALI!AND!
LOMBOK!...............................................................................................................................................!47!
2.1! INTRODUCTION!............................................................................................................................!47!
2.2! MATERIALS!AND!METHODS!........................................................................................................!48!2.2.1! DEFINITIONS!..............................................................................................................................................!48!2.2.2! STUDY!LOCATION!......................................................................................................................................!49!2.2.3! DATA!COLLECTION!....................................................................................................................................!51!2.2.4! DATA!MANAGEMENT!AND!ANALYSIS!.....................................................................................................!52!
 v 
2.3! RESULTS!.......................................................................................................................................!53!2.3.1! MARKET!LOCATIONS!AND!TRADING!FREQUENCY!................................................................................!53!2.3.2! LBM!INFRASTRUCTURE!...........................................................................................................................!55!2.3.2.1! Size!..........................................................................................................................................................!55!2.3.2.2! Access!....................................................................................................................................................!55!2.3.2.3! Cages!......................................................................................................................................................!56!2.3.2.4! Ventilation!...........................................................................................................................................!57!2.3.2.5! Drainage!and!faucets!.......................................................................................................................!57!2.3.2.6! Flooring!.................................................................................................................................................!58!2.3.2.7! Cage!density!........................................................................................................................................!61!2.3.3! BIOSECURITY!..............................................................................................................................................!62!2.3.3.1! Segregation!of!birds!.........................................................................................................................!62!2.3.3.2! Stocking!density!................................................................................................................................!64!2.3.3.3! Overnight!storage!of!poultry!.......................................................................................................!65!2.3.3.4! Slaughter!on!site!...............................................................................................................................!65!2.3.3.5! Market!cleanliness!...........................................................................................................................!66!2.3.3.6! Cage!cleanliness!................................................................................................................................!67!2.3.3.7! Dead!bird!disposal!............................................................................................................................!68!2.3.4! MARKETING!................................................................................................................................................!71!2.3.4.1! Avian!species!and!non^avian!species!sold!.............................................................................!71!2.3.4.2! Marketing!behaviour!.......................................................................................................................!74!
2.4! DISCUSSION!.................................................................................................................................!78!2.4.1! OVERVIEW!..................................................................................................................................................!78!2.4.2! LOCATION!...................................................................................................................................................!78!2.4.3! TRADING!FREQUENCY!...............................................................................................................................!79!2.4.4! INFRASTRUCTURE!.....................................................................................................................................!79!2.4.5! MARKET!AND!CAGE!CLEANING!................................................................................................................!80!2.4.6! BIOSECURITY!..............................................................................................................................................!81!2.4.7! MARKETING!................................................................................................................................................!82!2.4.8! MARKETS!....................................................................................................................................................!83!2.4.9! LIMITATIONS!..............................................................................................................................................!85!2.4.10! CONCLUSION!............................................................................................................................................!86!
CHAPTER!3:!MARKETING!AND!MANAGEMENT!OF!LIVE!POULTRY!IN!BALI!AND!
LOMBOK!...............................................................................................................................................!87!
3.1! INTRODUCTION!............................................................................................................................!87!
3.2! MATERIALS!AND!METHODS!.........................................................................................................!88!3.2.1! DEFINITIONS!..............................................................................................................................................!88!
 vi 
3.2.2! STUDY!LOCATION!......................................................................................................................................!88!3.2.3! STUDY!POPULATION!..................................................................................................................................!88!3.2.4! DATA!COLLECTION!....................................................................................................................................!89!3.2.5! DATA!ANALYSIS!.........................................................................................................................................!91!
3.3! RESULTS!.......................................................................................................................................!92!3.3.1! RESPONDENTS!NUMBERS!.........................................................................................................................!92!3.3.2! RESPONDENT!BACKGROUND!...................................................................................................................!93!3.3.2.1! Socio^demographic!profiles!.........................................................................................................!93!3.3.2.2! Avian!species!raised!at!home!or!backyard!farm!.................................................................!98!3.3.2.3! Poultry!manure!and!waste!disposal!practises!at!home!.................................................!100!3.3.2.4! Bird!deaths!at!home!......................................................................................................................!101!3.3.2.5! Non^avian!species!kept!at!home!..............................................................................................!101!3.3.3! SOURCING!BIRDS!......................................................................................................................................!102!3.3.3.1! Origins!of!birds!sold!......................................................................................................................!102!3.3.3.2! Bird!health!checks!..........................................................................................................................!103!3.3.4! TRANSPORTATION!OF!BIRDS!TO!MARKETS!.........................................................................................!104!3.3.5! MARKETING!..............................................................................................................................................!108!3.3.5.1! Reasons!for!selling!poultry!.........................................................................................................!108!3.3.5.2! Type!and!volume!of!birds!sold!by!traders!...........................................................................!108!3.3.5.3! Unsold!birds!......................................................................................................................................!112!3.3.5.4! Other!livestock!or!products!sold!by!traders!at!markets!................................................!115!3.3.5.5! Poultry!purchases!by!customers!..............................................................................................!115!3.3.5.5.1! Frequency!of!purchases!...........................................................................................................!115!3.3.5.5.2! Bird!type!and!volume!of!purchases!....................................................................................!116!3.3.5.5.3! Other!sources!of!birds!reported!by!customers!..............................................................!119!3.3.6! POULTRY!SLAUGHTERING!......................................................................................................................!120!3.3.6.1! Traders!................................................................................................................................................!120!3.3.6.2! Customers!..........................................................................................................................................!122!3.3.6.3! Cleaning!and!disinfection!of!slaughtering!area!and!equipment!.................................!122!3.3.6.4! Personal!Protective!Equipment!(PPE)!&!hand!washing!................................................!123!3.3.6.5! Slaughter!waste!disposal!.............................................................................................................!123!3.3.7! GENERAL!BIRD!MANAGEMENT!AND!HUSBANDRY!PRACTICES!.........................................................!124!3.3.7.1! Cleaning!and!disinfection!............................................................................................................!124!3.3.7.2! Bird!manure!and!waste!disposal!.............................................................................................!126!3.3.7.3! Bird!deaths!at!market!or!during!transit!and!actions!taken!..........................................!127!3.3.7.4! Actions!taken!in!the!event!of!identifying!sick^looking!birds!.......................................!128!3.3.7.5! Precautions!taken!by!traders!to!ensure!their!birds!remain!disease^free!..............!129!
 vii 
3.3.8! INFLUENCE!OF!TRADER!CHARACTERISTICS!ON!DISEASE!PREVENTION!AND!MANAGEMENT!......!130!
3.4! DISCUSSION!..............................................................................................................................!134!3.4.1! OVERVIEW!OF!STUDY!..............................................................................................................................!134!3.4.2! RESPONDENTS!.........................................................................................................................................!135!3.4.3! MARKETING!OF!LIVE!BIRDS!...................................................................................................................!135!3.4.3.1! Sales!......................................................................................................................................................!135!3.4.3.2! Pre^purchase!health!checks!.......................................................................................................!136!3.4.3.3! Unsold!birds!......................................................................................................................................!137!3.4.4! ORIGIN!OF!BIRDS!.....................................................................................................................................!137!3.4.5! MANAGEMENT!AND!HUSBANDRY!PRACTICES!.....................................................................................!138!3.4.5.1! Cleaning!and!disinfection!............................................................................................................!138!3.4.5.2! Disposal!of!bird!waste!and!dead!birds!..................................................................................!139!3.4.5.3! Slaughtering!of!poultry!................................................................................................................!140!3.4.5.4! Preventative!practices!of!traders!............................................................................................!140!3.4.6! FACTORS!INFLUENCING!TRADER!PRACTICES!......................................................................................!141!3.4.7! LIMITATIONS!............................................................................................................................................!141!3.4.8! CONCLUSION!............................................................................................................................................!142!
CHAPTER!4:!POULTRY!TRADER!KNOWLEDGE!AND!PERCEPTIONS!OF!HPAI!AND!
BIOSECURITY!..................................................................................................................................!143!
4.1! INTRODUCTION!.........................................................................................................................!143!
4.2! MATERIALS!AND!METHODS!......................................................................................................!146!4.2.1! STUDY!POPULATION!AND!LOCATION!....................................................................................................!146!4.2.2! DATA!COLLECTION!..................................................................................................................................!146!4.2.3! DATA!ANALYSIS!.......................................................................................................................................!147!
4.3! RESULTS!....................................................................................................................................!148!4.3.1! SOURCES!OF!INFORMATION!ON!HPAI!.................................................................................................!148!4.3.2! KNOWLEDGE!OF!HOW!HPAI!IS!INTRODUCED!INTO!A!POULTRY!MARKET!.....................................!151!4.3.3! KNOWLEDGE!OF!PROCEDURES!TO!PREVENT!HPAI!TRANSMISSION!...............................................!154!4.3.4! WILLINGNESS!TO!REPORT!SUSPECTED!CASES!OF!HPAI!...................................................................!157!4.3.5! PERCEPTIONS!ON!THE!IMPORTANCE!OF!BIOSECURITY!IN!MARKETS!..............................................!160!4.3.6! WILLINGNESS!TO!IMPLEMENT!STRATEGIES!TO!IMPROVE!BIOSECURITY!IN!MARKETS!................!160!4.3.7! INFLUENCE!OF!INFORMATION!SOURCES!ON!TRADER!KNOWLEDGE!OF!HPAI!TRANSMISSION!AND!PREVENTION!............................................................................................................................................................!162!4.3.8! INFLUENCE!OF!TRADER!KNOWLEDGE!OF!HPAI!TRANSMISSION!AND!PREVENTION!ON!TRADER!PRACTICES!................................................................................................................................................................!163!
4.4! DISCUSSION!AND!CONCLUSIONS!..............................................................................................!163!4.4.1! TRADER!KNOWLEDGE!OF!HPAI!TRANSMISSION!AND!PREVENTION!..............................................!163!
 viii 
4.4.2! REPORTING!BEHAVIOUR!........................................................................................................................!165!4.4.3! TRADER!PERCEPTIONS!TOWARD!BIOSECURITY!.................................................................................!166!4.4.4! LIMITATIONS!............................................................................................................................................!167!4.4.5! CONCLUSIONS!..........................................................................................................................................!168!
CHAPTER!5:!SOCIAL!NETWORK!ANALYSIS!OF!THE!MOVEMENT!OF!POULTRY!TO!AND!
FROM!LIVE!BIRD!MARKETS!........................................................................................................!169!
5.1! INTRODUCTION!.........................................................................................................................!169!
5.2! MATERIALS!AND!METHODS!.....................................................................................................!171!5.2.1! KEY!METRICS!OF!SOCIAL!NETWORK!ANALYSIS!...................................................................................!171!5.2.1.1! Degree!centrality!and!centralisation!......................................................................................!171!5.2.1.2! Betweenness!.....................................................................................................................................!171!5.2.1.3! Network!topology!...........................................................................................................................!171!5.2.2! DEFINITIONS!............................................................................................................................................!172!5.2.3! STUDY!LOCATION!AND!RESPONDENTS!.................................................................................................!173!5.2.4! QUESTIONNAIRE!......................................................................................................................................!173!5.2.5! DATA!MANAGEMENT!AND!ANALYSIS!...................................................................................................!173!
5.3! RESULTS!....................................................................................................................................!175!5.3.1! RESPONDENTS!.........................................................................................................................................!175!5.3.2! NETWORK!SIZE!........................................................................................................................................!175!5.3.3! CENTRALITY!.............................................................................................................................................!178!5.3.3.1! Degree!..................................................................................................................................................!178!5.3.3.2! Betweenness!.....................................................................................................................................!181!5.3.4! INFLUENTIAL!NODES!BASED!ON!CENTRALITY!MEASURES!................................................................!183!5.3.4.1! Bali!network!......................................................................................................................................!183!5.3.4.2! Lombok!network!.............................................................................................................................!185!5.3.5! NETWORK!COHESION!AND!TOPOLOGICAL!FEATURES!.......................................................................!185!5.3.6! MOVEMENT!DISTANCES!.........................................................................................................................!188!
5.4! DISCUSSION!..............................................................................................................................!191!5.4.1! OVERVIEW!................................................................................................................................................!191!5.4.2! DISTANCES!TRAVELLED!.........................................................................................................................!191!5.4.3! DISEASE!DISSEMINATION!.......................................................................................................................!192!5.4.3.1! Nodes!...................................................................................................................................................!192!5.4.3.2! Network!..............................................................................................................................................!193!5.4.4! THE!ROLE!OF!‘BRIDGES’!WITHIN!A!NETWORK!....................................................................................!194!5.4.5! IMPLICATIONS!FOR!DISEASE!CONTROL!................................................................................................!195!5.4.6! LIMITATIONS!............................................................................................................................................!196!5.4.7! CONCLUSION!............................................................................................................................................!198!
 ix 
CHAPTER!6:!QUALITATIVE!ASSESSMENT!OF!THE!RISK!OF!BIRDITOIBIRD!
TRANSMISSION!OF!H5N1!IN!LIVE!BIRD!MARKETS!IN!BALI!AND!LOMBOK!.................!199!
6.1! INTRODUCTION!.........................................................................................................................!199!
6.2! RISK!ASSESSMENT!METHODOLOGY!..........................................................................................!200!6.2.1! DEFINITIONS!............................................................................................................................................!200!6.2.2! STUDY!POPULATION!................................................................................................................................!200!6.2.3! FOCUS!OF!RISK!ASSESSMENT!.................................................................................................................!200!6.2.4! ASSUMPTIONS!..........................................................................................................................................!202!6.2.5! EXPOSURE!PATHWAYS!............................................................................................................................!202!6.2.6! ASSESSMENTS!UNDERTAKEN!................................................................................................................!203!6.2.7! DATA!SOURCES!........................................................................................................................................!203!6.2.8! INPUT!DATA!..............................................................................................................................................!204!6.2.8.1! Factors!influencing!host!susceptibility!.................................................................................!205!6.2.8.2! Factors!influencing!trader!ability!to!detect!clinical!birds!.............................................!206!6.2.8.3! Factors!influencing!transmission!............................................................................................!207!6.2.9! EXPOSURE!PATHWAY!LIKELIHOODS!....................................................................................................!208!6.2.10! UNCERTAINTY!.......................................................................................................................................!214!6.2.11! RISK!MITIGATION!..................................................................................................................................!215!
6.3! RESULTS!....................................................................................................................................!217!6.3.1! STEP!2!LIKELIHOOD!OF!ILB!SHEDDING!VIRUS!...................................................................................!217!6.3.2! STEP!3!LIKELIHOOD!OF!AN!ILB!NOT!BEING!DETECTED!AND!REMOVED!........................................!218!6.3.2.1! ILB!is!clinical!(LHa!and!LHb!in!Figure!6.2)!............................................................................!218!6.3.2.2! Detection!and!removal!of!a!clinical!bird!(LHc!and!LHd!in!Figure!6.2)!......................!219!6.3.2.3! Detection!and!removal!of!a!non^clinical!bird!(LHe!and!LHf!in!Figure!6.2)!.............!219!6.3.2.4! Likelihood!that!an!ILB!is!not!detected!and!removed!(LH2!of!the!exposure!pathway)!................................................................................................................................................................!219!6.3.3! STEP!4!LIKELIHOOD!OF!EXPOSURE!OF!A!SUSCEPTIBLE!BIRD!VIA!CONTACT!WITH!THE!HAZARD! 219!6.3.3.1! Likelihood!of!exposure!of!a!susceptible!bird!through!direct!bird^to^bird!contact!with!an!ILB!............................................................................................................................................................!220!6.3.3.2! Likelihood!of!exposure!of!a!susceptible!bird!through!indirect!contact!with!a!contaminated!environment!...........................................................................................................................!220!6.3.4! STEP!5!LIKELIHOOD!OF!EXPOSURE!RESULTING!IN!INFECTION!WITH!THE!HAZARD!OF!A!SUSCEPTIBLE!BIRD!..................................................................................................................................................!221!6.3.4.1! Likelihood!of!direct!exposure!resulting!in!infection!.......................................................!221!6.3.4.2! Likelihood!of!indirect!exposure!resulting!in!infection!...................................................!221!
 x 
6.3.5! OVERALL!LIKELIHOOD!OF!A!SUSCEPTIBLE!BIRD!BECOMING!INFECTED!AFTER!EXPOSURE!WITH!THE!HAZARD!AT!A!LBM!.........................................................................................................................................!221!6.3.5.1! Overall!likelihood!of!infection!via!direct!bird^to^bird!exposure!................................!221!6.3.5.2! Overall!likelihood!of!infection!via!indirect!exposure!with!a!contaminated!environment!........................................................................................................................................................!222!6.3.5.3! Overall!likelihood!of!a!susceptible!bird!becoming!infected!in!a!LBM!through!a!combination!of!direct!and!indirect!exposure!with!the!hazard!......................................................!222!6.3.6! MITIGATION!STRATEGY!..........................................................................................................................!222!
6.4! DISCUSSION!..............................................................................................................................!230!6.4.1! OVERVIEW!................................................................................................................................................!230!6.4.2! LIKELIHOOD!ESTIMATES!........................................................................................................................!230!6.4.3! LIKELIHOOD!OF!INFECTION!BY!DIRECT!VERSUS!INDIRECT!CONTACT!.............................................!231!6.4.4! FACTORS!TO!CONSIDER!..........................................................................................................................!232!6.4.5! REDUCING!THE!RISK!OF!INFECTION!.....................................................................................................!235!6.4.6! LIMITATIONS!............................................................................................................................................!235!6.4.7! CONCLUSION!............................................................................................................................................!238!
CHAPTER!7:!GENERAL!DISCUSSION!.........................................................................................!240!
7.1! DESCRIPTION!OF!A!SELECTION!OF!LBMS!IN!BALI!AND!LOMBOK!...........................................!241!
7.2! MARKETING!AND!MANAGEMENT!OF!LIVE!POULTRY!IN!LBMS!...............................................!242!
7.3! KNOWLEDGE!AND!PERCEPTIONS!OF!LIVE!POULTRY!TRADERS!...............................................!243!
7.4! MOVEMENT!PATTERNS!............................................................................................................!244!
7.5! ASSESSMENT!OF!THE!BIRDITO!BIRD!RISK!FOR!DIRECT!AND!INDIRECT!TRANSMISSION!OF!HPAI!
H5N1!..................................................................................................................................................!246!
7.6! FURTHER!RESEARCH!................................................................................................................!246!
7.7! CONCLUSION!.............................................................................................................................!248!
APPENDIX!A.! QUESTIONNAIRE!FORMS!...............................................................................!249!
APPENDIX!B.! SURVEY!VARIABLES!........................................................................................!276!
APPENDIX!C.! RESPONDENT!NUMBERS!...............................................................................!277!
APPENDIX!D.!....................................................................................................................................!279!
APPENDIX!E.! MANUSCRIPT!“KNOWLEDGE!AND!PERCEPTIONS!OF!HIGHLY!
PATHOGENIC!AVIAN!INFLUENZA!(HPAI)!AMONG!POULTRY!TRADERS!IN!LIVE!BIRD!
MARKETS!IN!BALI!AND!LOMBOK,!INDONESIA”!...................................................................!281!
REFERENCES!....................................................................................................................................!309!
 xi 
List of figures 
Figure!1.1!Map!of!Indonesia!showing!the!location!of!Bali!and!Lombok.! 24!
Figure!1.2!Overview!of!poultry!market!chain!for!live!birds.! 29!
Figure!1.3!OIE!risk!analysis!framework.! 43!
Figure!2.1!Location!of!markets!in!Bali.! 50!
Figure!2.2!Location!of!markets!in!Lombok.! 51!
Figure!2.3!Example!of!a!roadside!market!(Renteng)!common!in!Lombok.! 53!
Figure!2.4!Example!of!an!indoor!market!(Umum).! 53!
Figure!2.5!Bamboo!cage.! 56!
Figure!2.6!Wooden!cage.! 56!
Figure!2.7!Examples!of!metal!(left)!and!plastic!cages!(right).! 57!
Figure!2.8!Examples!of!ways!birds!are!transported!such!as!rice!sacks!(left)!and!'kise'!(right).
! 57!
Figure!2.9!Examples!of!drainage!systems!deemed!‘adequate’.! 58!
Figure!2.10!Examples!of!drainage!systems!deemed!'inadequate'.! 58!
Figure!2.11!Example!of!poor!quality!flooring.! 59!
Figure!2.12!Example!of!fair!condition!flooring.! 59!
Figure!2.13!Example!of!flooring!in!good!condition.! 59!
Figure!2.14!Example!of!a!market!with!a!high!cage!density.! 61!
Figure!2.15!Example!of!market!with!low!cage!density.! 62!
Figure!2.16!Chickens!and!ducks!stored!in!adjacent!cages.! 63!
Figure!2.17!Stacked!cages!with!no!base.! 63!
Figure!2.18!FreeIroaming!birds!in!market.! 64!
Figure!2.19!Examples!of!'high'!stocking!density.! 65!
Figure!2.20!Examples!of!'low'!stocking!density.! 65!
Figure!2.21!Poorly!positioned!footbath.! 66!
Figure!2.22!Example!of!cage!in!‘good’!condition.! 67!
Figure!2.23!Examples!of!cages!in!‘fair’!condition.! 67!
Figure!2.24!Example!of!a!cage!in!'poor'!condition.! 68!
Figure!2.25!Dead!chicken!discarded!into!drain!canal.! 68!
Figure!2.26!Dead!chicken!left!in!a!cage!with!live!chicken!and!duck.! 69!
Figure!2.27!Kampung!chickens.! 72!
Figure!2.28!Broiler!chickens.! 72!
Figure!2.29!Spent!layers.! 72!
Figure!2.30!Ducks.! 73!
Figure!2.31!Muscovy!ducks.! 73!
Figure!2.32!Frequency!histogram!of!bird!types!sold!in!LBMs!in!Bali!and!Lombok.! 73!
Figure!2.33!Example!of!transport!cage!attached!to!motorbike.! 74!
Figure!2.34!Small!utility!vehicle!(‘pickIup’).! 75!
Figure!2.35!Cidomo.! 75!
 xii 
Figure!2.36!PreIpurchase!health!check!of!live!poultry.! 77!
Figure!3.1!Occupation!categories!of!customers!interviewed!at!each!of!the!17!live!bird!
markets!in!Bali!and!Lombok.! 94!
Figure!3.2!Avian!species!kept!at!home!(or!farm)!by!traders!interviewed!in!Bali!and!Lombok!
live!bird!markets.! 98!
Figure!3.3!Purpose!of!birds!raised!at!the!home!or!backyard!farm!of!traders!interviewed!at!
markets!in!Bali!and!Lombok.! 100!
Figure!3.4!Manure!disposal!method!reported!by!n!=!150!traders!raising!birds!at!home!or!on!
backyard!farms.!! 101!
Figure!3.5!Sources!of!poultry!reported!by!traders!interviewed!in!Bali!and!Lombok.! 103!
Figure!3.6!Modes!of!transport!used!by!traders!to!transport!birds!to!market.! 106!
Figure!3.7!Cage!types!used!to!transport!birds!to!markets!by!traders!interviewed!in!Bali!and!
Lombok.! 107!
Figure!3.8!Modes!of!transport!employed!to!carry!the!different!types!of!birdcages!to!markets!
as!reported!by!n!=!355!traders!interviewed!in!Bali!and!Lombok!that!specified!both!
mode!of!transport!and!a!cage!type.! 107!
Figure!3.9!Volume!of!birds!sold!by!traders!interviewed!at!each!of!the!nine!markets!in!Bali!
displayed!on!a!log!scale.! 108!
Figure!3.10!Volume!of!birds!sold!by!traders!interviewed!at!each!of!the!eight!markets!in!
Lombok!displayed!on!a!log!scale.! 109!
Figure!3.11!Bird!types!sold!at!each!of!the!n!=!8!studied!markets!in!Lombok!given!as!a!
percentage!of!total!volume!of!birds!sold!on!previous!trading!day!as!reported!by!n!=!218!
traders!interviewed.! 112!
Figure!3.12!Bird!types!sold!at!each!of!the!n!=!9!studied!markets!in!Bali!given!as!a!percentage!
of!total!volume!of!birds!sold!on!previous!trading!day!as!reported!by!n!=!195!traders.
! 112!
Figure!3.13!Frequency!of!poultry!purchases!by!customers!interviewed!in!Bali!and!Lombok.
! 116!
Figure!3.14!Types!of!purchases!made!by!customers!interviewed!in!Lombok!given!as!a!
percentage!of!the!total!volume!of!birds!purchased!at!each!market.! 118!
Figure!3.15!Types!of!purchases!made!by!customers!interviewed!in!Bali!given!as!a!percentage!
of!the!total!volume!of!birds!purchased!at!each!market.!! 118!
Figure!3.16!Slaughtering!rates!of!traders!among!surveyed!markets!in!Bali.! 121!
Figure!3.17!Slaughtering!rates!of!traders!among!surveyed!markets!in!Lombok.! 122!
Figure!5.1!Network!graph!created!for!Bali.! 176!
Figure!5.2!Bali!network!projected!onto!geographical!map!of!Bali.! 176!
Figure!5.3!Lombok!network.! 177!
Figure!5.4!Lombok!network!projected!onto!map!of!Lombok.! 177!
Figure!5.5!Histogram!of!normalised!inIdegree!frequency!for!Bali!and!Lombok!networks.! 179!
Figure!5.6!Histogram!of!outIdegree!frequencies!for!Bali!and!Lombok!networks.! 179!
Figure!5.7!Scatterplot!of!inIdegree!versus!outIdegree!of!nodes!within!the!Bali!network.! 180!
 xiii 
Figure!5.8!Scatterplot!of!inIdegree!versus!outIdegree!of!nodes!within!the!Lombok!network.
! 180!
Figure!5.9!Scatterplot!of!betweenness!against!total!degree!(normalised)!of!nodes!within!the!
Bali!network.! 182!
Figure!5.10!Scatterplot!of!betweenness!against!total!degree!(normalised)!of!nodes!within!the!
Lombok!network.! 183!
Figure!5.11!Cumulative!distribution!of!degree!among!nodes!within!the!Bali!network! 187!
Figure!5.12!Cumulative!distribution!of!degree!of!nodes!within!the!Lombok!network.! 187!
Figure!5.13!Frequency!of!geodesic!distances!within!the!Bali!and!Lombok!networks.! 188!
Figure!5.14!Village!to!market!movement!distances!in!Bali.! 189!
Figure!5.15!Market!to!village!movement!distances!in!Bali.!Market!labels!as!indicated!in!
Figure!5.14!legend.! 189!
Figure!5.16!Village!to!market!movement!distances!in!the!Lombnok!network.! 190!
Figure!5.17!Market!to!village!movement!distances!in!the!Lombok!network.! 190!
Figure!6.1!Exposure!pathway!for!bird3to3bird!transmission!in!a!LBM!via!the!introduction!of!
one!H5N1!infected!live!bird!(ILB).! 203!
Figure!6.2!Partial!likelihoods!used!to!estimate!the!likelihood!of!an!ILB!not!being!detected!
and!removed.! 211!
 
  
 xiv 
List of tables 
Table!1.1!BID!values!for!various!HP!and!LP!AIVs! 9!
Table!1.2!Shedding!properties!for!LPAI!viruses.! 12!
Table!1.3!Shedding!properties!for!HPAI!viruses.! 13!
Table!1.4!HPAI!infection!parameters!for!chickens.! 16!
Table!1.5!HPAI!infection!parameters!for!ducks.! 19!
Table!1.6!Survival!times!of!H5N1!in!faeces.! 22!
Table!1.7!Survival!times!of!AIVs!on!various!materials.! 22!
Table!1.8!Survival!times!of!AIVs!in!water.! 23!
Table!1.9!Effect!of!pH!on!AIV!survival!in!water.! 23!
Table!1.10!Characteristics!of!the!four!different!poultry!industry!sectors!present!in!Indonesia!
(Source:!FAO,!2004)! 26!
Table!1.11!Population!of!poultry!in!Bali!by!district!in!2010.! 28!
Table!1.12!Population!of!poultry!in!Lombok!by!district!in!2009!(Source:!Livestock!and!
Animal!Health!Services!of!Nusa!Tenggara!Barat!province)! 28!
Table!1.13!The!number!of!LBMs!operating!in!in!each!district!in!Bali!(DIC!Bali,!2008)! 30!
Table!1.14!The!number!of!LBMs!operating!in!in!each!district!in!Lombok!(DIC!Bali,!2008)! 30!
Table!2.1!Location!attributes!and!trading!frequency!of!markets!in!Bali!(B)!and!Lombok!(L)!55!
Table!2.2!Attributes!of!each!of!the!17!studied!live!bird!markets!in!Bali!(B)!and!Lombok!(L).60!
Table!2.3!Summary!of!floor!composition!and!quality!of!markets!in!Bali!and!Lombok.! 61!
Table!2.4!Biosecurity!issues!within!evaluated!markets!in!Bali!(B)!and!Lombok!(L).! 70!
Table!3.1!The!total!number!of!respondents!interviewed!at!each!market!in!Bali!during!the!
period!May!2008!to!February!2009.! 92!
Table!3.2!The!total!number!of!respondents!interviewed!at!each!market!in!Lombok!during!
the!period!May!2008!to!February!2009.! 93!
Table!3.3!SocioIdemographic!background!of!respondents!interviewed!at!live!bird!markets!in!
Bali!and!Lombok!stratified!by!respondent!type.! 96!
Table!3.4!SocioIdemographic!background!of!traders!interviewed!in!Bali!and!Lombok!
stratified!by!trader!category.! 97!
Table!3.5!Median!volume!of!chickens!and!ducks!reared!at!home!or!backyard!farm!by!traders!
interviewed!in!Bali!and!Lombok!live!bird!markets.! 99!
Table!3.6!Actions!taken!by!respondents!to!ensure!birds!sold!or!purchased!are!diseaseIfree.
! 104!
Table!3.7!Bird!features!examined!by!respondents.! 104!
Table!3.8!Type!and!volume!of!birds!sold!during!by!traders!interviewed!in!Bali!and!Lombok.
! 111!
Table!3.9!Number!of!bird!types!sold!by!traders!interviewed!in!Bali!and!Lombok.! 111!
Table!3.10!Volume!of!unsold!chickens!and!ducks!reported!by!interviewed!traders!in!Bali.114!
Table!3.11!Volume!of!unsold!chickens!and!ducks!reported!by!interviewed!traders!in!
Lombok.! 114!
 xv 
Table!3.12!Fate!of!unsold!birds!as!reported!by!n!=!310!traders!who!had!unsold!chickens!or!
ducks!the!previous!trading!day.! 115!
Table!3.13!Volume!of!birds!purchased!by!customers!interviewed!in!Bali.! 117!
Table!3.14!Volume!of!birds!purchased!by!customers!interviewed!in!Lombok.! 118!
Table!3.15!Purpose!of!live!birds!purchased!by!customers!interviewed!in!Bali!and!Lombok.
! 119!
Table!3.16!Sources!of!poultry!other!than!surveyed!market!as!reported!by!customers!
interviewed!in!Bali!and!Lombok.! 120!
Table!3.17!Interviewed!traders!who!slaughter!poultry!(n!=!52).! 121!
Table!3.18!Cleaning!rates!of!transport!vehicles!and!cages!as!reported!by!interviewed!traders!
in!Bali!and!Lombok.! 124!
Table!3.19!Cleaning!frequency!of!market!cages!as!reported!by!n!=!377!traders!who!used!
cages!at!surveyed!markets!in!Bali!and!Lombok.! 125!
Table!3.20!Methods!used!by!traders!to!clean!vehicles!or!cages!used!at!the!market!or!during!
transport.! 126!
Table!3.21!Manure!and!bird!waste!disposal!methods!used!at!markets!by!traders!interviewed!
in!Bali!and!Lombok.! 127!
Table!3.22!Actions!taken!by!traders!in!the!event!of!birds!dying!at!the!market!or!during!
transit.! 128!
Table!3.23!Actions!taken!by!traders!in!the!event!of!identifying!a!sick!bird.! 129!
Table!3.24!Precautions!taken!by!traders!interviewed!in!Bali!and!Lombok!to!ensure!their!
birds!remain!diseaseIfree.! 130!
Table!3.25!Association!between!trader!practices!and!influential!factors!by!linear!regression.
! 132!
Table!3.26!Association!between!score!and!surveyed!markets!in!Bali!by!linear!regression.!133!
Table!3.27!Association!between!score!and!surveyed!markets!in!Lombok!by!linear!
regression.! 134!
Table!4.1!HPAI!information!sources!reported!by!poultry!traders!interviewed!at!live!bird!
markets!in!Bali!and!Lombok!during!2008I2009,!stratified!by!trader!category.! 150!
Table!4.2!Mean!number!of!AI!information!sources!reported!by!traders!at!each!of!the!nine!
surveyed!markets!in!Bali.! 151!
Table!4.3!Mean!number!of!AI!information!sources!reported!by!traders!at!each!of!the!eight!
surveyed!markets!in!Lombok.! 151!
Table!4.4!HPAI!transmission!routes!reported!by!poultry!traders!interviewed!at!live!bird!
markets!in!Bali!and!Lombok!during!2008I2009,!stratified!by!trader!category.! 153!
Table!4.5!Mean!number!of!HPAI!transmission!pathways!correctly!identified!by!traders!at!
each!of!the!nine!surveyed!markets!in!Bali.! 154!
Table!4.6!Mean!number!of!HPAI!transmission!pathways!correctly!identified!by!traders!at!
each!of!the!eight!surveyed!markets!in!Lombok.! 154!
Table!4.7!Preventative!measures!reported!by!poultry!traders!interviewed!at!live!bird!
markets!in!Bali!and!Lombok!during!2008I2009,!stratified!by!trader!category.! 156!
 xvi 
Table!4.8!!Mean!number!of!preventative!measures!reported!by!traders!at!each!of!the!nine!
surveyed!markets!in!Bali.! 157!
Table!4.9!Mean!number!of!preventative!measures!reported!by!traders!at!each!of!the!eight!
surveyed!markets!in!Lombok.! 157!
Table!4.10!Reporting!behaviour!of!poultry!traders!interviewed!at!markets!in!Bali!and!
Lombok.! 159!
Table!4.11!Reporting!behaviour!of!poultry!traders!(n!=!190)!interviewed!at!each!of!the!nine!
surveyed!markets!in!Bali.! 159!
Table!4.12!Reporting!behaviour!of!poultry!traders!(n!=!218)!interviewed!at!each!of!the!eight!
surveyed!markets!in!Lombok.! 160!
Table!4.13!Willingness!to!implement!measures!to!improve!biosecurity!in!markets!reported!
by!188!poultry!traders!interviewed!at!live!bird!markets!in!Bali!and!Lombok!during!
final!round!of!interviews!in!2009.! 161!
Table!5.1!Summary!statistics!for!the!Bali!and!Lombok!networks.! 182!
Table!5.2!Movements!occurring!to!and!from!each!of!the!nine!surveyed!markets!in!Bali.! 184!
Table!5.3!Movements!occurring!to!and!from!each!of!the!eight!surveyed!markets!in!Lombok.
! 185!
Table!6.1!Exposure!assessment!pathway!data!requirements!and!sources.! 204!
Table!6.2!Likelihood!definitions! 208!
Table!6.3!Factors!used!to!determine!the!LH!of!detection!and!removal!of!clinical!birds.! 212!
Table!6.4!Variation!between!markets!on!factors!influencing!the!opportunity!for!direct!bird3
to3bird!contact!to!occur.! 213!
Table!6.5!Combination!matrix!used!to!determine!the!product!of!two!qualitative!likelihoods.
! 214!
Table!6.6!Qualitative!categories!of!uncertainty!related!to!risk!estimates.! 215!
Table!6.7!Likelihood!of!an!ILB!not!being!detected!and!removed!using!different!definitions!
for!‘removal’!based!on!low!and!high!categories!outlined!above.! 217!
Table!6.8!Likelihood!of!H5N1!exposure!and!infection!of!a!susceptible!bird!in!a!LBM!in!Bali!
following!the!introduction!of!one!H5N1!infected!chicken.! 224!
Table!6.9!Likelihood!of!H5N1!exposure!and!infection!of!a!susceptible!bird!in!a!LBM!in!Bali!
following!the!introduction!of!one!H5N1!infected!duck.! 225!
Table!6.10!Likelihood!of!H5N1!exposure!and!infection!of!a!susceptible!bird!in!a!LBM!in!
Lombok!following!the!introduction!of!one!H5N1!infected!chicken.! 226!
Table!6.11!Likelihood!of!H5N1!exposure!and!infection!of!a!susceptible!bird!in!a!LBM!in!
Lombok!following!the!introduction!of!one!H5N1!infected!duck.! 227!
Table!6.12!Summary!of!results!for!the!sensitivity!analysis!conducted!for!chickens!in!Bali!and!
the!overall!LH!of!infection!for!each!market!if!an!infected!live!chicken!is!introduced!into!
the!market.! 228!
 xvii 
Table!6.13!Summary!of!results!for!the!sensitivity!analysis!conducted!for!chickens!in!Lombok!
and!the!overall!likelihood!of!infection!for!each!market!if!an!infected!live!chicken!is!
introduced!into!the!market.! 229!
  
 xviii 
Acronyms and abbreviations 
AIVs – Avian Influenza Viruses 
CIA – Central Intelligence Agency 
DIC – Disease Investigation Center, Province of Bali  
DOC – Day Old Chick 
FAO – Food and Agriculture Organization 
Hong Kong SAR – Hong Kong Special Administrative Region 
HPAI – Highly Pathogenic Avian Influenza 
LBM – Live Bird Market 
LPAI – Low Pathogenic Avian Influenza 
LPT – Live Poultry Trader (also referred to as ‘trader’) 
OIE – World!Animal!Health!Organisation 
PCR – Polymerase Chain Reaction 
PDSR – Participatory Disease Surveillance and Response   
RT-PCR – Reverse Transcription-Polymerase Chain Reaction 
SEA – South-East Asia 
SNA – Social Network Analysis 
WHO – World Health Organization 
 xix 
Acknowledgements 
The work conducted as part of this thesis was funded through the Murdoch University 
Research Student Studentship (MURS), the Australian Biosecurity Cooperative 
Research Centre, and the Australian Centre for International Agricultural Research. 
 
Over the years many people have contributed to this thesis in some manner and I would 
like to acknowledge their assistance. Firstly, I would like to thank my supervisor Stan 
Fenwick for being such a constant, strong and positive support foundation throughout 
the years.  
I have also been fortunate enough to have the assistance and guidance of Jenny-Ann 
Toribio who led the ACIAR project that I was a part of and helped me learn the 
tiresome process of risk assessments, and for that I am truly thankful.  
The contribution of Mark Stevenson for the social network analysis was immense and I 
take my hat off to you for the patience you have shown when trying to teach me the 
ropes. I am also grateful that you steered me toward using R. Thank you. 
My Access database, which was the foundation of my data management system, would 
never have come about without the amazing guidance and assistance of a truly talented 
teacher, Navneet Dhand. I am truly grateful! 
I also offer my gratitude to Naomi Cogger and Sharon Roche for the advice you 
provided for the risk assessment and Andrew Almond for answering all my questions 
related to biosecurity. 
My time in Bali in Lombok were assisted immensely by the two local teams, led by 
Muktasam Abdurrahman and Annie Ambarawati, who I collaborated with for this PhD 
and I truly thank you for your help. 
In the early days I was also fortunate enough to have the guidance and support of Ron 
Thornton and Peter Durr. Thank you for helping me find my feet in the murky waters of 
a PhD. 
I offer my greatest thanks to my family, especially my husband Sebastian for your 
tireless efforts at the end and helping me learn the ropes of R, which has been a major 
challenge! I am truly indebted. I also could not have done this without the love and 
support of my parents.  
 xx 
Most of all I would like to thank my children, Toni, Jory and little Isaac who came 
along during this PhD. It has been a long and very bumpy ride but it has finally come to 
an end! I love you with all my heart and dedicate this to you.  
 1 
Chapter 1:!Introduction and literature review 
1.1! General introduction 
Avian influenza is a highly infectious disease of birds caused by influenza type A 
viruses, which occur naturally among wild aquatic birds. These viruses can also infect 
domestic poultry and other bird and animal species causing a wide range of symptoms 
from mild respiratory infections to fatality. The most virulent form of the disease, 
highly pathogenic avian influenza (HPAI), can result in devastating consequences for 
the poultry industry through death or destruction of birds (Basuno et al. 2010), 
especially in regions where small poultry producers are dependent on poultry trading for 
livelihood (Verbiest et al. 2004, Patrick et al. 2014). Indirect consequences can also 
result from decreased demand for poultry products, disruptive effects of measures 
imposed by authorities to control the disease (Rushton et al. 2005) and loss of genetic 
diversity in poultry (Alders et al. 2014). 
In 1997, HPAI H5N1 first came to international attention when it caused an outbreak of 
severe disease in poultry and the deaths of six people in Hong Kong SAR (Sims et al. 
2003a). Further outbreaks in poultry occurred until 2003 but these were largely confined 
to Hong Kong SAR (Sims et al. 2005). In late 2003, Indonesia became one of the first 
countries to have confirmed disease outbreaks in the current epidemic (FAO 2011). 
Since then, H5N1 outbreaks have been reported in more than 60 countries world-wide, 
spanning Asia, Africa, the Americas, the Middle East and continental Europe (OIE 
2015b). By early 2012 it was estimated that HPAI H5N1 had resulted in the death of 
more than 400 million birds at a cost of 20 billion US dollars (FAO 2012). Although 
human infections with avian influenza viruses (AIVs) are generally rare, the current 
HPAI H5N1 virus has caused a total of 842 infections resulting in 447 deaths as of June 
2015 (WHO 2015). With new research demonstrating that only a few mutations in the 
viral genome of HPAI H5N1 could facilitate human-to-human transmission the 
potential for a future human pandemic is of concern (Herfst et al. 2012). 
Although the severity and frequency of reported outbreaks of H5N1 have reduced in 
recent years (FAO 2013a, FAO 2014b), AIVs of the highly pathogenic (HP) type 
continue to devastate the poultry industry and cause human fatalities, as demonstrated 
by the emergence of H5N8 (Jeong et al. 2014, Kim et al. 2014) and re-emergence of 
H5N6 (FAO 2014a). Until radical improvements are made in the manner in which live 
poultry are managed and marketed, countries relying on the live bird trade will continue 
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to be at high risk for the persistence and circulation of AIVs. Therefore, diligence and a 
concerted effort are required to identify weaknesses along the marketing chain.  
To date, Indonesia has been one of the most severely affected countries in the current 
HPAI H5N1 epidemic, experiencing the largest number of human deaths and a case 
fatality rate of 84% (WHO 2015). Despite a large international effort to control the 
disease, the HPAI H5N1 virus remains firmly entrenched in poultry throughout the 
country (OIE 2015a). Indonesians, like other inhabitants of many countries in the 
region, prefer to purchase live poultry, which are largely traded through live bird 
markets (LBMS), because it is cheaper and the customer can be assured that the birds 
are fresh and healthy (Patrick et al. 2014). Evidence suggests that live bird markets play 
a crucial role in the maintenance and dissemination of AIVs in countries where birds are 
sold live to customers (Ge et al. 2009, Indriani et al. 2010, Fournié et al. 2012). The 
mixing of different avian species from various sources means that LBMs provide an 
ideal environment for effective virus exchange (Morris et al. 2005). The limited 
resources available for market infrastructure and management in Indonesia often results 
in loosely controlled and regulated markets (Suryadarma et al. 2007) with limited or no 
biosecurity, thus facilitating circulation and dissemination of AIVs through the 
movement of poultry, poultry products and fomites. Therefore, understanding the 
underlying trends and dynamics taking place in LBMs is of critical importance to 
controlling the disease. 
In the following sections, the relevant literature will be reviewed in the context of 
studying the epidemiology of HPAI in LBMs in Bali and Lombok, Indonesia. 
! !
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1.2! Avian influenza 
1.2.1! Aetiology 
Influenza viruses are enveloped, negative sense, single-strand RNA viruses belonging to 
the family Orthomyxoviridae (Webster et al. 1992). There are three influenza genera in 
the family, type A, B and C viruses, which are differentiated by their nucleoprotein and 
matrix protein antigens (Alexander 2007). Avian influenza viruses are type A, the only 
known type to infect birds and the only type to be capable of zoonotic transmission 
(Alexander 2000). Type A influenza viruses can be further divided into subtypes based 
on the antigenic relationships in the surface glycoproteins, haemagglutinin (HA), which 
is responsible for attachment of the virus to the host cell surface, and neuraminidase 
(NA), which facilitates release of the virus from the host cell (Webster et al. 1992). 
Currently, there are 18 HA (H1-18) and 11 NA (N1-11) recognised antigenic subtypes, 
of which all (except H17N10 and H18N11 found in bats) can infect birds (CDC 2015). 
Each virus strain has one HA and one NA antigen which can occur in any combination. 
Type A influenza viruses have been isolated from avian species in the majority of 
possible combinations, however only H5 and H7 virus subtypes have been identified as 
highly pathogenic and not all of these subtypes are virulent (Alexander 2000).  
Avian influenza viruses can also be classified as low pathogenic (LPAI) or highly 
pathogenic (HPAI) based upon their ability to induce mortality in naive chickens under 
experimental conditions (Alexander 2007). Infections with LPAI generally produce no 
disease or mild symptoms (as reviewed in Section 1.2.4), which may go undetected. 
Contrastingly, HPAI infections can produce severe disease, affecting multiple organs, 
resulting in high mortality in a short period of time (as reviewed in Sections 1.2.5). 
In their natural hosts, H5 and H7 virus subtypes are considered to be in evolutionary 
stasis, showing minimal changes at the molecular level, however introduction to other 
hosts, such as poultry, results in rapid evolution that can result in the emergence of 
highly pathogenic strains (Webster et al. 2006).  
1.2.2! Evolution of avian influenza viruses 
Avian influenza viruses are highly susceptible to mutation due to error-prone replication 
by RNA polymerase (Gould 2004), resulting in a genetically diverse population of 
mixed variants displaying varying levels of genetic fitness, most of which are not viable 
(Domingo et al. 1997). Evolution of AIVs occurs via antigenic drift and antigenic shift 
(Webster et al. 1992). Antigenic drift refers to gradual small changes that occur through 
point mutations in the genes encoding the surface antigens (De Jong et al. 2000). These 
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changes are unpredictable and result in minor changes to the HA and NA proteins from 
which new strain variants emerge (Swayne et al. 2003). This process can occur in all 
three influenza genera and is responsible for the yearly influenza epidemics observed in 
the human population (De Jong et al. 2000).  
Antigenic shift is a sporadic process unique to type A influenza viruses involving 
sudden profound changes that result in major alterations in the HA and NA antigens 
resulting in development of a novel influenza virus (CDC 2015). This can occur in three 
ways: (i) if a human is infected with influenza virus from a non-human host (e.g. bird or 
pig), (ii) via genetic reassortment when a host is infected with two different influenza A 
viruses or (iii) when a non-human virus passes through an intermediate host (e.g a pig) 
before infecting a human (WHO 2011). Reassortment is important in the epidemiology 
of AIVs as it facilitates the colonisation of humans and other mammals (De Jong et al. 
2000). However, this involves a complex process, which requires adaptation of the virus 
to human host cell factors to facilitate replication and transmission into the mammalian 
cell (Mehle et al. 2012).  
1.2.3! Hosts 
1.2.3.1! Reservoir species 
Wild birds are regarded as natural reservoirs of influenza type A viruses (WHO 2005a) 
because they are carriers of all known possible HA and NA combinations (subtypes) in 
low pathogenic forms (Alexander 2000). Members of the family Anatidae, order 
Anseriformes, contribute the largest reservoir species for AIVs, but birds from the 
orders Passeriformes and Charadriiformes also act as natural hosts, albeit to a lesser 
extent (Stallknecht et al. 1988). Anatidae species such as domestic ducks and geese are 
considered to be the principal reservoir species for H5N1 viruses and are also thought to 
have played an important role in the dispersion of virus both within and between 
countries (Morris et al. 2005). Reservoir species are capable of maintaining infection 
with little or no clinical signs and if disease occurs it is generally mild or occurs in 
young animals (Hulse-Post et al. 2005).  
1.2.3.2! Spillover hosts  
A spillover host by definition is susceptible to infection if exposed, and excretes the 
agent, but would not maintain infection over a long period of time without constant or 
intermittent reinfection (Morris et al. 2005). Spillover species, including gallinaceous 
species (e.g. chickens, turkeys and quail) and other wild or domesticated birds (e.g. 
crows, magpies, pigeons and songbirds), generally suffer severe disease or death 
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(Alexander 2000, Perkins et al. 2003, Comin et al. 2011). Avian influenza viruses are 
believed to evolve much more rapidly in spillover hosts than in reservoir species 
(Swayne et al. 2000).  
1.2.3.3! Aberrant hosts  
Currently, humans and other mammals are considered to be aberrant hosts of AIVs, 
meaning that although they can become infected and may suffer severe disease 
including death (Uyeki 2009), they do not excrete virus at levels high enough to 
transmit infection to other hosts (Morris et al. 2005). Avian influenza viruses rarely 
infect humans, and until the 1997 Hong Kong HPAI H5N1 deaths (Subbarao et al. 
1998), AI was perceived to be a disease principally affecting birds (Van Kerkhove et al. 
2011a). Human cases have generally been associated with close contact with sick or 
dead poultry (Zhou et al. 2009, Bui et al. 2015). However, indirect contact with infected 
birds or with contaminated environments may also be associated with human infections 
(Rabinowitz et al. 2010). To date, human-to-human H5N1 transmission has occurred in 
an extremely limited number of cases since 2003 (Daniels et al. 2013).  
Avian influenza viruses have also been reported from a variety of other mammalian 
species including dogs (Songserm et al. 2006a), domestic and wild cats (Keawcharoen 
et al. 2004, Leschnik et al. 2007) and even marine mammals, including seals (Hinshaw 
et al. 1981) and whales (Hinshaw et al. 1986). Pigs are highly susceptible to infection 
with several types of influenza A viruses, including human and avian influenza viruses 
(Hinshaw et al. 1981). For this reason swine are considered to act as potential “mixing 
vessels” for reassortment of strains (Webster et al. 1992). Furthermore, swine have been 
implicated in the 1918 influenza pandemic, where the causative virus (suspected to be 
H1N1) was antigenically similar to classical swine influenza virus (Taubenberger et al. 
2000), and the ‘swine flu’ epidemic of 1976 (Kilbourne 2006). However, swine have 
not played a significant role in the current H5N1 epidemic. 
1.2.4! Transmission dynamics of avian influenza viruses 
1.2.4.1! Mode of transmission  
Avian influenza viruses are excreted in faeces, saliva and nasal, respiratory and ocular 
secretions prior to presentation of clinical signs (van der Goot et al. 2005, Jeong et al. 
2009) resulting in rapid spread through a population of susceptible hosts. Transmission 
of AIVs can occur when a susceptible bird comes into contact with the secretions or 
faeces of an infected bird, either through direct bird-to bird contact or indirectly, 
through environmental contamination with fomites (e.g. cages, floors, vehicles, clothing 
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and feathers) or contaminated water or feed.  Direct and indirect forms of transmission 
of AIVs are dependent on a number of factors including viral shedding into the 
environment (including viral titre, duration and source), minimal infective dose of virus 
and environmental stability (discussed in a later section). Each of these factors varies 
between strains of virus. Virus shedding patterns and infective dose depend on the 
susceptibility of the host species. 
1.2.4.2! Differential transmission of virus strains 
Avian influenza viruses differ enormously in terms of their ability to infect and transmit 
between hosts. Evidence suggests that pathogenic strains transmit more efficiently to 
susceptible contact birds than LP viruses, both in the field (de Jong et al. 2009) and 
under experimental conditions (van der Goot et al. 2003a, Van der Goot et al. 2003b, 
Tsukamoto et al. 2007). This is also supported by reported transmission rate parameters 
(β) and basic reproduction ratios (R0). Reports of β for HPAI range between 0.66 and 
4.66 (van der Goot et al. 2003a, Tiensin et al. 2007, Poetri et al. 2011) whereas for 
LPAIVs the range is substantially less at 0.1 to 0.49 (Van der Goot et al. 2003b, 
Gonzales et al. 2012). Similarly, studies evaluating R0 also report higher values for HP 
than LP viruses (1.5-7.8 vs. 0.7-5.5) (van der Goot et al. 2003a, Tiensin et al. 2007, 
Poetri et al. 2011, Spekreijse et al. 2011b). The newly emerged HPAI H5N1 virus 
belonging to clade 2.3 has shown greater ability to cause morbidity and mortality in 
ducks compared to clade 2.1 viruses (Ni Luh Putu Indi et al. 2014). 
Variations between AI strains with the same pathogenicity and within subtypes have 
also been reported. Experimental studies of two LPAIVs (H5N2 and H7N3) conducted 
by Achenbach and Bowen (Achenbach et al. 2011), found that one virus (H5 strain) was 
able to transmit efficiently to all contact animals (chickens, ducks, pigeons, blackbirds 
and rats) whilst the other transmitted only to chickens and ducks. The following year 
Gonzales et al. (Gonzales et al. 2012) reported differences in the infectivity and 
transmissibility of LPAIVs H5N7 and H7N7, with the latter strain showing a greater 
ability to infect inoculated chickens and transmit to contact birds. Earlier, Jia et al. (Jia 
et al. 2008) compared 10 different H5N1 (HPAI) isolates in pigeons with varying 
results in infectivity and shedding patterns. This natural variation has an enormous 
influence on the transmission dynamics of avian influenza viruses. 
1.2.4.3! Susceptibility of bird species 
Transmission of AIVs is also largely dependent upon the susceptibility of the host 
species, with some bird species more susceptible than others. Gallinaceous species, such 
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as chickens, turkeys and quail are highly vulnerable to infection with AI viruses 
(Perkins et al. 2003, Capua et al. 2004, Mannelli et al. 2007, Bos et al. 2008, Bos et al. 
2009, Bouma et al. 2009, Bos et al. 2010a, Comin et al. 2011).  
Susceptibility of the host species often varies between HP and LP AIVs. Findings 
reported by Swayne and Slemons (Swayne et al. 2008) for LPAIV infected poultry 
suggest that domestic ducks are highly susceptible to infection with LPAIVs compared 
to chickens, turkeys, geese and quail and showed the least variability between bird 
infective doses (BID) values (Table 1.1). In contrast chickens show the greatest 
variability in BID values between different LPAIV strains (Tumpey et al. 2004, Brown 
et al. 2007a, Tsukamoto et al. 2007, Swayne et al. 2008) and appear to be less 
susceptible than turkeys (Alexander et al. 1986, Tumpey et al. 2004, Dundon et al. 
2007, Swayne et al. 2008).  
In the past, ducks have shown a greater resistance to infection with HPAIVs in 
experimental studies than chickens, geese, and turkeys (Alexander et al. 1986, 
Shortridge et al. 1998). Studies on the H5N1 virus that caused the Hong Kong outbreak 
in 1997 (A/chicken/Hong Kong/220/97) have shown the virus to be highly infectious 
and fatal for chickens, turkeys and quail, mildly infectious for geese and poorly 
replicable in ducks (Perkins et al. 2003). Strains isolated since the Hong Kong outbreak 
have shown a greater capacity to infect and transmit to ducks (Capua et al. 2001, Chen 
et al. 2006, Pantin-Jackwood et al. 2007b, van der Goot et al. 2007, Jeong et al. 2009) 
with some reports suggesting a greater susceptibility than chickens based on lower BID 
values (Brown et al. 2006, Aldous et al. 2010). Susceptibility, disease severity and 
mortality rates for HPAIVs are fairly similar between turkeys and chickens (Alexander 
et al. 1986, Capua et al. 2000). Some studies indicate a slightly greater susceptibility for 
chickens (Mannelli et al. 2006, Bos et al. 2008, Bos et al. 2009) whilst others suggest 
that turkeys are more easily infected (Aldous et al. 2010, Bos et al. 2010b).  
In addition to poultry species, pigeons are also commonly sold in LBMs in Asia (Jia et 
al. 2008) and although susceptibility to AIV infection has been shown in the field (Liu 
et al. 2003, Ellis et al. 2004) and in experimental studies (Achenbach et al. 2011), high 
doses are generally required for infection (Klopfleisch et al. 2006, Brown et al. 2009b) 
and virus is frequently recovered in very low titres (Boone et al. 2007, Jia et al. 2008, 
Brown et al. 2009b), generally below the minimum infectious dose required for most 
poultry species (see Table 1.1). Experimental transmission between infected pigeons 
and contact birds (chickens and pigeons) failed to result in infection (Klopfleisch et al. 
2006), even when contact pigeons were immuno-compromised (Fang et al. 2006) 
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suggesting that contribution to direct bird-to-bird transmission by pigeons is likely to be 
limited. Mechanical transfer of virus in a LBM setting is however possible (Kaleta et al. 
2004), as viral shedding by pigeons up to seven days post infection has been reported 
(Boon et al. 2007). 
Other factors may also influence the susceptibility of a host to AIV infection. Different 
doses and routes of inoculation have been shown to impact infectivity and transmission 
of H5N1 virus. Kwon and Swayne (Kwon et al. 2010) demonstrated that chickens and 
ducks were more susceptible to H5N1 HPAI virus when inoculated intranasally than 
when exposed via the alimentary route or contaminated drinking water. Experimental 
studies comparing transmission characteristics between birds infected with different 
virus doses have shown variation in latent period (Spekreijse et al. 2011a), shedding 
duration (Capua et al. 2004, Tsukamoto et al. 2007, Bouma et al. 2009) as well as 
transmission rate parameter and basic reproduction number (Bouma et al. 2009). It has 
also been demonstrated that previous exposure to LPAI virus can reduce susceptibility 
of the host to infection and decrease transmission of HPAI virus (Van der Goot et al. 
2003b).  
!
! !
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Table 1.1 BID!values!for!various!HP!and!LP!AIVs 
Viruses Subtype Host 
species 
Age at 
infection 
 
BID 
(EID50 
log10) 
References 
HPAI viruses      
A/chicken/Rostock(Germany)/1934 
A/chicken/Scotland/1959 
A/tern/SouthAfrica/1961 
A/turkey/Ontario/7732/1966 
A/chicken/Victoria/1975 
A/turkey/Ireland/1378/1983 
A/turkey/England/50-92/1991  
A/emu/Texas/39924-HP 
derivative/1993 
A/chicken/Queretaro/14588-19/1995 
A/Hong Kong/486/1997 
A/turkey/Italy/4580/1999 
H7N1  
H5N1 
H5N3 
H5N9 
H7N7 
H5N8 
H5N1  
H5N2  
H5N2 
H5N1 
H7N1 
Chicken 3-4 wk 1.2 
2.6 
3.4  
2.8  
2.9  
4.7  
3.9  
3.0  
3.0  
2.4  
2.0 
Swayne and 
Slemons, 2008 
A/turkey/Turkey/1/05 
 
A/ostrich/Italy/984/00 
H5N1 
 
H7N1 
Chicken 
Duck 
Chicken 
Duck 
Turkey 
3 wk 
 
3.4 
<1.0 
4.6 
≤4.2 
2.2 
Aldous et al, 2010 
A/Whooper/Swan/Mongolia/244/2005 H5N1 Chicken 
Duck 
3 wk 
12-16 
wk 
2.8 
0.95 
Brown et al., 2007 
A/chicken/Pennsylvania/1370/1983  
A/chicken/Korea/ES/2003 
H5N2 
H5N1 
Chicken 
Chicken 
3-4 wk 3.0 
2.5, 
3.1 
Swayne and Beck, 
2005 
A/Hong Kong/491/97 H5N1 Chicken 4 wk 2.3 Subbarao et al., 2003 
A/chicken/Yamaguchi/7/2004 H5N1 Chicken 5 wk 2.5 Tsukamoto et al., 
2007 
A/turkey/Turkey/1/2005 H5N1 Chicken 5 wk 2.5 Spekreijse et al., 
2011 
LPAI viruses      
A/chicken/Alabama/1975  
 
 
 
 
A/mallard/Ohio/338/1986  
 
 
 
 
A/mallard/Ohio/184/1986  
H4N8 
 
 
 
 
H4N8 
 
 
 
 
H5N1 
Chicken 
Turkey 
Duck 
Goose 
Quail 
Chicken 
Turkey 
Duck 
Goose 
Quail 
Chicken 
Turkey 
Duck 
Goose 
Quail 
3-4 wk 
3 wk 
3 wk 
3 wk 
6 wk 
3-4 wk 
3 wk 
3 wk 
3 wk 
6 wk 
3-4 wk 
3 wk 
3 wk 
3 wk 
6 wk 
3.0-
5.8 
6.0 
3.8 
4.0 
2.6 
4.4-
8.3 
4.0 
3.1 
1.7 
1.5 
6.7-
7.7 
4.2 
1.9 
5.6 
5.4 
Swayne and 
Slemons, 2008 
A/mallard/Maryland/791/2002 H5N2 Chicken 4-5 wk >5.3 Spackman et al., 
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Viruses Subtype Host 
species 
Age at 
infection 
 
BID 
(EID50 
log10) 
References 
A/ruddy turnstone/New 
Jersey/1148676/2004 
A/duck/Pennsylvania/454069-9/2006 
A/mute swan/Michigan/451072-
2/2006 
H5N7 
 
H5N1 
H5N1 
>7.5 
 
7.5 
6.3 
2007 
A/turkey/Virginia/15821/2002 H7N2 Chicken 
Turkey 
4 wk 
4 wk 
2.8 
0.8 
Tumpey et al., 2004 
!
1.2.4.4! Viral shedding  
The extent, to which an AIV can be transmitted between animals, either directly or 
indirectly, is determined by the shedding properties of the host. The amount, duration 
and primary route of excretion, in conjunction with host susceptibility, determine the 
infectivity of an infected animal and its contribution to environmental contamination. 
Shedding properties vary widely between virus strains and host species. Comprehensive 
data on shedding properties of LP and HP AIVs for different avian hosts are provided in 
Table 1.2 and Table 1.3. 
Evidence suggests that LPAIV strains induce longer infectious periods and higher viral 
titres than HP viruses in most poultry species. Turkeys shed higher amounts of LPAIVs 
for longer periods (Capua et al. 2004, Comin et al. 2011) than chickens (Gonzales et al. 
2011, Gonzales et al. 2012) and ducks (Achenbach et al. 2011). Studies on HPAI H5N1 
viruses suggest that ducks and geese shed similar amounts of virus for longer periods 
than most other poultry species (Chen et al. 2006, Eggert et al. 2010). In contrast, higher 
viral titres are reported in chickens and turkeys but the duration of shedding is quite 
short. However, this is likely to be the result of rapid mortality caused by highly 
virulent strains (Perkins et al. 2003, Bouma et al. 2009, Aldous et al. 2010). Quail have 
also been shown to shed high viral titres, similar to those of chickens, but for longer 
periods (Jeong et al. 2009). The ability of quails and ducks to shed sufficient levels of 
virus for relatively long periods to infect other poultry species, and without overt signs 
of disease (Alexander et al. 1986, Perez et al. 2003, Bingham et al. 2009, Jeong et al. 
2009), means that they have an increased potential to act as silent carriers in poultry 
markets. 
Differences in infectious periods are also evident between the routes of shedding. 
Maximum shedding duration appears to be longer via the cloacal route (Hulse-Post et 
al. 2005, Boon et al. 2007, Gonzales et al. 2011) than the oral route (Sturm-Ramirez et 
al. 2004, Pantin-Jackwood et al. 2007a).  
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Until recently, the primary replication site of AIVs in poultry was believed to be the 
intestinal tract, with high virus titres being shed in faeces (Shortridge et al. 1977, 
Shortridge et al. 1998). However, more recent studies have demonstrated higher virus 
recovery from oral routes (Negovetich et al. 2011, Munyua et al. 2012) for both HP 
(van der Goot et al. 2003a, Bingham et al. 2009, Jeong et al. 2009) and LP AIVs (Liu et 
al. 2003, Lee et al. 2010, Shi et al. 2010, Achenbach et al. 2011). This suggests that the 
respiratory route of infection plays a larger role in transmission than previously thought, 
requiring a reassessment of current control and eradication approaches. 
!
 12 
Table 1.2 Shedding properties for LPAI viruses (viral titres rounded to one decimal place). 
Virus Species Age Shedding 
duration 
(days) 
Mean Viral 
titre 
(EID50/ml) 
Infective 
dose 
(EID50) 
Reference 
H2N9 Quail 6-8  n/p 4.5-5.5 (O) 
1-4.25 (C) 
106 (Liu et al. 2003) 
H3N2 Quail 
Chicken 
6-8  
4-6  
n/p >5 (O) 
>5 (O) 
<1 (C) 
106 (Liu et al. 2003) 
H3N3 Quail 6-8  n/p 2.8 (O) 
8 (C) 
106 (Liu et al. 2003) 
H3N6 Quail 6-8  n/p >5 (O) 106 Liu et al. 2003 
H4N6 Quail 
Chicken 
6-8  
4-6  
n/p 3.8-4.5 (O) 
3 (O) 
>5 (C) 
106 Liu et al. 2003 
H5N2 Duck 
 
 
Blackbird 
Chicken 
2-4 mths  
 
 
n/p 
3-4  
4 
 
 
5 
4 
1.0-2.3 (O) 
2.0-5.9 (C) 
4.1-4.6a (C) 
3.6b (O) 
2.6 (O) 
106 (Achenbach et al. 2011) 
Chicken 6  4.8a (O)  
4.3b (O)  
n/p 106 Van der Goot et al. 2003a 
H5N2 & 
H7N3  
Turkey n/p 8.2 (6.5-
10.6) (C) 
n/p  Comin et al. 2011 
H5N7 Chicken 32-35  1-2c 2.0-2.2 (O) 106 (Gonzales et al. 2012) 
H7N1 Chicken 6  7.7d (O/C) n/p  106 Gonzales et al. 2011 
H7N3 Duck 
 
 
 
Pigeon 
Blackbird 
Chicken 
2-4 mths 
 
 
 
n/p 
n/p 
3-4  
6 
 
 
 
2 
6 
6 
2.9-3.3b 
(O) 
2.0-2.9ab 
(O) 
3.5-4.4b (C) 
3.6-6.3ab 
(C) 
3.5b (O) 
4.0b (O) 
2.3 (O) 
106 Achenbach and Bowen 
2011 
Turkey 
 
 
 
10  n/p 
n/p 
≥ 7 
≥ 2 
15 
2.8 
6.5 
(O) 
(C) 
(C) 
104 
106 
104 & 6 
104 
106 
Capua et al. 2004 
H7N7 Chicken 32-35  6.8-8.0c 5.4 (O) 
2.5-3.4 (C) 
106 Gonzales et al. 2012 
 Chicken 
 
Turkey 
4  
 
4  
8  
5 
 
6 
5 
4.8-5.2 (O) 
2.4-2.5 (C) 
4.5-5.5 (O) 
4.8-6.4 (O) 
107 (Tumpey et al. 2004) 
Multiple 
subtypes 
Duck 
 
Assorted 10-11.5e 4.7e (O/C) ≥ 105 (Hénaux et al. 2011) 
aContact (uninfected birds placed together with inoculated birds to determine transmission of virus from 
infected to uninfected animals), bmultiple isolates tested, cresults obtained by RT-PCR or RRT-PCR, 
dmean shedding duration, emedian shedding duration, n/p: data not provided, O/C: oral/cloacal swab. 
! !
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Table 1.3 Shedding properties for HPAI viruses (viral titres rounded to one decimal place). 
Virus Species Age 
(wks) 
Shedding 
duration 
(days) 
Peak viral 
titre (EID50 
log10/ml) 
Infective 
dose 
(EID50) 
Reference 
H5N1 Chicken 
 
Pekin duckb 
 
Gooseb 
6-8  
 
8  
 
4  
n/p 
 
2-5 
2-3 
2  
2-10 
3.5 (O) 
4.5 (C) 
<1.5-2.6 (O) 
1.5 (C) 
2.8-4.0 (O) 
2.5-4.2 (C) 
105 
 
106 
Shortridge et al. 1998 
Goose 
 
Pekin duck 
2  
 
4 
3 
2 
1 
1.9 (O) 
2.4 (C) 
1.6 (O) 
106 Perkins & Swayne 2002 
Mallard 
duckb 
4-6  
 
4  
3-5g 
 
3-10 
3.0-5.7 (O) 
2.3-4.4 (C) 
5.5-6.5 (O) 
3.0-4.0 (C) 
105.75 – 
8.5 
 
107.75 
Sturm-Ramirez et al. 2004 
Mallard 
duck 
4  11-17 n/p 106 Hulse-Post et al. 2005 
Mallard 
duckb 
4  
 
3 -7 
 
n/p 108.75 Chen et al. 2006 
Duckb 
Duckf 
4  
7-13  
8-10 (O/C) 
5-10 
n/p 
2.0-3.8 (C) 
n/a 
10 
Songserm et al. 2006 
Pigeon 6  ≥ 2 0.8 – 1.9 (O) 
0.5 (C) 
106 Boon et al. 2007 
Pekin duck 
 
2  
 
5  
5 
5 
5 
3 
3.7-5.8 (O) 
2.4-4.9 (C) 
2.4-4.9 (O) 
2.1-4.1 (C) 
106 
 
Pantin-Jackwood et al. 2007 
Chicken 
 
Pigeon 
12  
 
Adult 
2h 
 
6 - 7 
5.5 (O) 
6.2 (C) 
<0.5  
108.1 (Werner et al. 2007) 
Pigeon 7  0 to ≥4b 0.98 to >2.5 
0.98-2.5 (C) 
106 
 
Jia et al. 2008 
Pekin duck 5  4 0.2-1.8 (O) 106 and 
7.2 
Bingham et al. 2009 
Chicken 4  2.5d (0/C)  
1.3d (0/C) 
2.5ad (O/C) 
1.7a (O/C) 
n/p 105 
106 
 
Bouma et al. 2009 
Chicken 
 
Duck 
 
Quail 
6  
 
2 
 
20 
≤ 3 
≤ 3 
≤ 4 
1 
≤ 6 
≤ 6 
3.6i (O) 
1.4i (C) 
2.2i (O) 
0.5i (C) 
5.0 (O) 
2.5 (C) 
106.5 
 
Jeong et al. 2009 
Goose 
 
Pekin duck 
4  
 
4 
7 
4 
7 
4 
5.0 (O) 
3.0 (C) 
3.4 (O) 
1.7 (C 
106 
 
Eggert & Swayne 2010 
Chicken 
Duck 
5  
3  
2h 
3h 
 
6.2-7.2bc 
(O/C) 
4.6bc (O) 
106 
105 
(Pfeiffer et al. 2010) 
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Virus Species Age 
(wks) 
Shedding 
duration 
(days) 
Peak viral 
titre (EID50 
log10/ml) 
Infective 
dose 
(EID50) 
Reference 
5-11cj 
(O/C) 
3.2bc (C) 
 
Pekin duck 
 
Muscovy 
duck 
4  
 
4  
3h 
 
3h 
5.9 (O) 
2.7 (C) 
7.0 (O) 
5.5 (C) 
105 Cagle et al. 2011 
Turkey 35 d 3 5.6 (O/C) 106 
 
(Kilany et al. 2011) 
Chicken 4  1-7a (3.2d) n/p 106 
 
Poetri et al. 2011 
Chicken 5  1.3-1.6   5.3-6.3 
(O/C) 
104 Spekreijse et al. 2011 
Duckb 2  
 
5  
n/p 2.2-3.6 (O) 
0.6-2.5 (C) 
1.5-3.4 (O) 
2.3 (C) 
105 Pantin-Jackwood et al. 2012 
H5N1j 
H7N7 
 
Duck 
 
Goose 
Assorted 5e 
5e 
7.5e (O) 
7.5e (C) 
4.2 (O) 
2.0 (C) 
≥ 105 Henaux & Samuel 2011 
H5N2 Chicken 6  6.8 (O/C) n/p 106 
 
Van der Goot et al. 2003a 
Chicken 3-4  4.0  
4.0  
5.5-6.5 (O) 
1.0-4.5 (C) 
106 
 
Swayne & Beck 2005 
H7N7 Turkey 12   5-8 (6.2d) 2.5-6.5 (O) 
2.0-4.0d (C) 
106 Bos et al. 2008 
Chicken 6  6.3d   106 Van der Goot et al. 2005 
aContact, bmultiple isolates tested, cresults obtained by RT-PCR or RRT-PCR, dmean shedding duration, 
emedian shedding duration, ffield data, gswabs collected until 5dpi, hshed virus until death, itissue culture 
infective doses (expressed as Log10 TCID50), jvaccinated birds, n/p: data not provided, O/C: oral/cloacal 
swab. 
!
1.2.5! Clinical presentation of HPAI in chickens and ducks 
1.2.5.1! Chickens 
Infection with HPAI viruses generally results in high mortality rates of up to 100% and 
rapid disease progression is observed in chickens compared to other bird types, 
including other gallinaceous species (Perkins et al. 2003, Jeong et al. 2009). However, 
clinical signs and progression of disease (including duration of infection, organs 
affected and the degree of tissue damage) vary with virus strain (Elbers et al. 2005, 
Tsukamoto et al. 2007, Suzuki et al. 2009), dose (Bouma et al. 2009), host resistance 
(i.e. age and vaccination status) (van der Goot et al. 2005) and route of infection 
(Shortridge et al. 1998, Tsukamoto et al. 2007, Jeong et al. 2009). A summary of 
infection parameters for HPAI in chickens is provided in Table 1.4. 
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Highly pathogenic avian influenza virus infection in chickens initially begins in the 
respiratory or gastrointestinal tract and then spreads and replicates in multiple organs 
(Swayne et al. 2005, van der Goot et al. 2005). Once infected, shedding generally 
begins within 24-48 hours in experimentally infected chickens (Shortridge et al. 1998, 
van der Goot et al. 2005, Jeong et al. 2009, Poetri et al. 2011), although some reports 
indicate that shedding could begin as early as four to six hours post-inoculation (Das et 
al. 2008, Bouma et al. 2009). In contact chickens the latent period is longer, ranging 
between two and five days (Shortridge et al. 1998, van der Goot et al. 2005). Findings 
from experimental studies suggest that the average infectious period for unvaccinated 
chickens is two to three days (Swayne et al. 2005, Bouma et al. 2009, Jeong et al. 2009, 
Spekreijse et al. 2011b) but can last up to seven days (Poetri et al. 2011). Shedding 
usually persists until death (Shortridge et al. 1998, Jeong et al. 2009), which normally 
occurs within two to three days post-infection in inoculated birds (Shortridge et al. 
1998, Tumpey et al. 2003, Jeong et al. 2009) and 4-5 days in in-contact birds (or post-
infection of inoculated birds) (Bouma et al. 2009, Jeong et al. 2009). Mortality can 
occur up to 8 days post-infection in birds infected via the aerosol route (Tsukamoto et 
al. 2007).  
Symptoms and time of onset of clinical disease vary depending on the route of 
infection, viral titre and pathogenicity of the virus strain (Tsukamoto et al. 2007, Das et 
al. 2008, Suzuki et al. 2009). Clinical signs normally begin within one to three days 
post-infection (Table 1.4 and Table 1.5). Acute or subacute disease generally produces 
ruffled feathers, oedema of the comb, wattles, feet and other areas, or neurological signs 
such as head or neck tremors, loss of balance and coordination, paralysis and 
convulsions (Shortridge et al. 1998, Naeem et al. 2007, Jeong et al. 2009). In severe, 
peracute disease, birds may die without prior clinical presentation (Elbers et al. 2005, 
Tsukamoto et al. 2007, Suzuki et al. 2009). Evidence suggests slight differences in 
clinical signs observed between commercial and backyard chickens. Clinical 
presentation in commercial chickens often includes depression, coughing, reduced 
appetite and water intake, and decreased egg production in layer hens (Elbers et al. 
2005, Bouma et al. 2009). Field studies conducted by Biswas et al. (Biswas et al. 2011) 
also found that commercial chickens were more likely to experience diarrhoea and 
neurological dysfunctions whilst drowsiness, huddling and oedematous heads and faces 
were more common in backyard chickens.  
!
!
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Table 1.4 HPAI infection parameters for chickens. 
Parameter Details Reference 
Clinical signs Decreased food and water intake; ruffled 
feathers; apathy; diarrhoea; mild respiratory 
signs; poor egg production; haemorrhages in 
combs, wattles and leg shanks; oedema of 
the head and legs; neurological dysfunction; 
ocular and nasal discharge 
Suzuki et al. 2009; Tsukamoto et al. 
2007; Elbers et al. 2004; Perkins and 
Swayne 2003;(Mutinelli et al. 2003); 
Biswas et al. 2011; Abdelwhab et al. 
2011; (Pfeiffer et al. 2009) 
Virus isolation  Brain, lung, kidney, heart, spleen, adrenal 
glands, pancreas, intestine, breast, thigh, 
trachea, lung, liver, bursa and thymus. 
Naeem et al. 2007; Das et al. 2008; 
Jeong et al. 2009; (Perkins et al. 
2001);Perkins and Swayne 2003; 
Mutinelli et al. 2003; Pfeiffer et al. 
2009 
Incubation 
period (days) 
3 
1 - 3 
Elbers et al. 2004 
Tsukamoto et al. 2007 
Latent period 
(days)  
0.24a  
0.88a  
1 
1 - 2 
2; 4b 
1 - 3 
3 
2; 4 – 5b 
Bouma et al. 2009 
Poetri et al. 2011 
Das et al. 2008; Spekreijse et al. 2011 
(Spickler et al. 2008) 
Shortridge et al. 1998 
Tsukomoto et al. 2007 
Suzuki et al. 2009 
Van der Goot et al. 2005 
Time to death 
(days) 
 
1.5 – 2a 
2a 
2; 3 – 4b; 4 – 8c 
2 - 3 
2 - 8 
1 (107.8 EID50)d; 3 (106.5 EID50); 5.3b 
2 - 3 
1.4 - 3.6a 
1.5 - 2 
5 – 7b 
4 - 7 
Pfeiffer et al. 2009 
Pfeiffer et al. 2010 
Tsukomoto et al. 2007 
Abdelwhab et al. 2011 
Poetri et al. 2011 
Jeong et al. 2009 
Shortridge et al. 1998 
Suzuki et al. 2009 
Perkins and Swayne 2003 
Van der Goot et al. 2005 
Pantin-Jackwood et al. 2007 
aMean, bcontact animals, cairborne contact (birds were kept in the same room as inoculated and contact 
birds but not within direct contact range), dintravenous inoculation 
!
! !
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1.2.5.2! Ducks 
Historically, the severity of disease caused by HPAI infection in ducks has been 
relatively mild compared to chickens, with few or no clinical signs even whilst shedding 
virus (Alexander et al. 1986, Shortridge et al. 1998, Ehlers et al. 2003, Perkins et al. 
2003, Tumpey et al. 2003). Field and experimental studies with some of the more 
recently characterised Asian HPAI H5N1 strains however have reported increased 
occurrence of clinical signs compared to previous strains (Ellis et al. 2004, Hulse-Post 
et al. 2005, Nguyen et al. 2005, Sturm-Ramirez et al. 2005, Pantin-Jackwood et al. 
2012). Onset of clinical disease generally begins two to four days after infection (see 
Table 1.5 for HPAI infection parameters for ducks). Common signs associated with 
H5N1 infection include depression, decreased feed intake, incoordination, blindness and 
head shaking (Kishida et al. 2005, Löndt et al. 2008, Bingham et al. 2009, Jeong et al. 
2009). Although most studies report only mild clinical signs, Sturm-Ramirez et al. 
(Sturm-Ramirez et al. 2004) and Vascellari et al. (Vascellari et al. 2007) both reported 
an increase in severity of symptoms over a period of three to four days, from slight 
depression and conjunctivitis to severe neurological signs including torticollis, tremors 
and seizures.  
Recent HPAI H5N1 viruses have also shown a greater capacity to cause systemic 
disease in ducks than earlier strains and other HPAI H5 or H7 subtypes (Ni Luh Putu 
Indi et al. 2014). Virus has been recovered from multiple organs and tissues, including 
respiratory, lymphoid, liver, kidney, brain, heart, colon and muscle in the absence of or 
only mild clinical signs (Tumpey et al. 2003, Kishida et al. 2005, Bingham et al. 2009). 
Kishida et al. (Kishida et al. 2005) compared the pathogenicity of four HPAI virus 
strains (a single H5N2 and three H5N1 isolates) in 5-week old ducks and reported 
differences in virus titres and in the number of organs affected, with the highest levels 
recovered from the respiratory organs. One of the four strains resulted in high levels of 
virus being recovered from the brains of ducks showing neurological signs. 
The number of studies reporting high mortality in ducks has also increased with more 
recently isolated strains of H5N1 virus in both natural (Haider et al. 2015) and 
experimental infections compared to earlier strains (Jeong et al. 2009, Guionie et al. 
2010, Cagle et al. 2011). Differences in morbidity and mortality appear to be related to 
virus strain (Hulse-Post et al. 2005, Kishida et al. 2005), age (Pantin-Jackwood et al. 
2007a, Pantin-Jackwood et al. 2012), route of infection, (Löndt et al. 2008) and possibly 
duck species (Cagle et al. 2011). A 2008 study reported mortality rates between 33 and 
100% for four different Asian strains of HPAI H5N1 virus in 4-week old ducks with 
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one strain resulting in death when administered at an extremely low dose of 101.25 
EID50 (Kim et al. 2008). The following year, Bingham et al. (Bingham et al. 2009) 
reported higher mortality and greater severity of clinical disease in ducks infected with a 
Vietnamese H5N1 strain than with an Indonesian strain. In 2011, Cagle et al. (Cagle et 
al. 2011) reported 100% mortality in ducks experimentally infected with a Vietnamese 
H5N1 strain.  
Viral shedding begins approximately 1-2 days after infection in experimentally infected 
ducks (Bingham et al. 2009, Jeong et al. 2009) and occurs from both oral and cloacal 
routes, generally persisting for 5-7 days (Table 1.5). Longer shedding duration has also 
been reported. In 2006, Songserm et al. (Songserm et al. 2006b) reported shedding for 
8-10 days in experimentally inoculated ducks and 5-10 days in free-grazing birds. In the 
previous year, Hulse-Post et al. (Hulse-Post et al. 2005) reported prolonged shedding of 
7-17 days in ducks experimentally inoculated with more recently identified H5N1 virus 
strains.  
!
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Table 1.5 HPAI infection parameters for ducks. 
Parameter Details Reference 
Clinical signs Fever, depression, mild respiratory signs, 
decreased food intake, torticollis, conjunctivitis 
incoordination, tremors, seizures, head tilt, 
convulsions and diarrhoea 
Bingham et al. 2009; 
Jeong et al. 2009; Londt et al. 
2008; Vascellari et al. 2007; 
Songserm et al. 2006; Sturm-
Ramirez et al. 2004; Pfeiffer et 
al. 2009 
Virus isolation  Heart, skeletal  & smooth muscle, brain, 
pancreas, lymphoid & connective tissue, liver, 
kidneys, colon, lungs, trachea, adrenal gland, 
spleen, bursa, thymus, proventriculus 
Kishida et al. 2005; Jeong et al. 
2009; Pfeiffer et al. 2009; 
Pantin-Jackwood et al. 2012 
 
Incubation period 
(d.p.i) 
4 
4  
2  
Kishida et al. 2005 
Londt et al. 2008 
Pantin-Jackwood et al. 2012 
Latent period  
(days)  
1 
1 - 2 
2 
4-5 
Bingham et al. 2009 
Shortridge et al. 1998 
Vascellari et al. 2007 
Kishida et al. 2005; Londt et al. 
2008 
Time to death 
(d.p.i) 
2 - 3 
2.7 - 3.8 (2wk/o); 2.9 - 4.4 (5w/o) 
3.1 (Muscovy)a; 3.6 (Pekin)a 
3a 
3 - 4 
3 - 7 
4 
Shortridge et al. 1998 
Pfeiffer et al. 2009 
Cagle et al. 2011 
Pfeiffer et al. 2010 
Pantin-jackwood et al. 2007 
Vascellari et al. 2007 
Jeong et al. 2009; Bingham et al. 
2009 
 
aMean; d.p.i (days post-infection) 
!
1.2.6! Environmental stability  
Viral transfer, either directly or indirectly, largely depends on how well the virus 
survives outside the host (Lebarbenchon et al. 2010). Knowledge of the stability of 
AIVs under different environmental conditions and on various surfaces is therefore 
important to help guide the development of good management practices to reduce viral 
load within markets.  
Persistence of AIVs in the environment is dependent upon multiple factors including, 
but not limited to: the strain of virus, temperature, humidity, and the medium or 
material in which the virus is contained (see Table 1.6, Table 1.7, Table 1.8 & Table 
1.9). Viability is prolonged by low temperatures and relative humidity levels in the 
environment (Shortridge et al. 1998, Wood et al. 2010, Yamamoto et al. 2010) and the 
virus is inactivated by extreme pH, temperature (Chumpolbanchorn et al. 2006) and 
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salinity (Brown et al. 2007b), as well as the presence of detergents (Shahid et al. 2009) 
and disinfectants (Patnayak et al. 2008).  
As discussed earlier, direct bird-to-bird transmission occurs via contact with faeces or 
respiratory secretions from infected birds. Evidence suggests that the respiratory route is 
the primary source of infections for most HPAI viruses, meaning that transmission 
between birds occurs via inhalation of virus containing aerosol droplets. By definition 
aerosol particles are small enough to remain airborne for prolonged periods due to their 
low settling velocity, enabling them to be carried over longer distances, however the 
distance travelled is dependent on the size of the particle (Knight 1980). Studies of 
avian influenza viruses over the last decade have demonstrated that aerosol transmission 
is efficient only over relatively short distances (i.e. several metres at most) (Tsukamoto 
et al. 2007, Jeong et al. 2009, Spekreijse et al. 2011a). However, poorly ventilated 
environments may enhance transmission where viral concentrations in the air reach 
significant magnitudes (Pyankov et al. 2012). One of the key parameters related to 
airborne transmission of influenza viruses is their ability to survive in the ambient air 
environment. The most favourable conditions are temperatures less than 20°C and 
relative humidity (RH) levels between 20 to 35% (Lowen et al. 2007). Temperatures 
and RH levels greater than 30°C and 80%, respectively, have been shown to greatly 
impede or completely block transmission (Lowen et al. 2007, Wanaratana et al. 2010).  
Survival times of AIVs in faeces are also largely dependent on the temperature, and 
vary dramatically between studies (Table 1.6). In moist faeces, H5N1 viruses may 
survive for extended periods of up to 40 days at 4°C, while at more moderate 
temperatures of 20 to 25°C H5N1 viruses do not appear to survive beyond 4 days 
(Shortridge et al. 1998, Wood et al. 2010) or greater than 24 hours in dry faecal matter 
(Shortridge et al. 1998, Chumpolbanchorn et al. 2006). Higher temperatures and 
exposure to sunlight also appear to reduce infectivity of AIVs (Chumpolbanchorn et al. 
2006). 
Contaminated fomites have long been recognised as an important route for indirect 
transmission of AIVs (Morris et al. 2005). Domestic poultry can shed large amounts of 
virus, and, when the strains are not rapidly lethal, for extended periods, thus facilitating 
contamination of various surfaces. Non-porous surfaces, such as steel, tiles and plastic, 
appear to sustain viral activity for longer periods than porous materials such as wood, 
egg trays and cotton (Table 1.7). However, virus stability is prolonged in the presence 
of organic material (Animal Health Australia 2007). Feathers have also been shown to 
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harbour high viral loads for lengthy periods (Yamamoto et al. 2010) compared to other 
surfaces and mediums at low and moderate temperatures.  
Water provides another favourable medium for AIV survival, in which infectivity can 
be retained in excess of 30 days (Table 1.8). However, both salinity and pH (Table 1.9) 
can greatly impact viral persistence. Neutral to slightly basic conditions provide the 
most stable environment for AIVs in water, while increasing salinity reduces viral 
infectivity (Brown et al. 2007b, Brown et al. 2009a). 
In addition to the physical conditions discussed above, inactivation of AIVs in the 
environment is also achieved through chemical means such as disinfectants. The OIE 
and FAO recommend the use of chemical agents in routine cleaning and disinfection 
activities to help control AIVs (OIE/FAO, 2005). 
Avian influenza viruses are enveloped viruses of intermediate to large size and are 
therefore susceptible to chemical agents that disrupt the lipid envelope (Gay et al. 
2010). These include soaps, detergents and disinfectants (Animal Health Australia 
2008). Soaps and detergents, used in conjunction with hot water and scrubbing, are 
generally recommended for the first part of cleaning procedures, and work by removing 
organic materials and dirt from surfaces to be decontaminated (WHO 2006b).This step 
is crucial as the presence of large amounts of organic matter may render disinfectants 
inactive, or reduce efficiency, as viruses may be shielded from active compounds in the 
disinfectant by the organic matter (Animal Health Australia 2008). 
Disinfectants known to be effective against AIVs include alkalis, acids, chlorine and 
chlorine compounds, oxidizing agents, aldehydes, phenol compounds, quaternary 
ammonium compounds (QACs) and alcohols (Maris 1995). These work by a variety of 
mechanisms, ranging from inhibiting enzymatic reactions, to oxidation and 
denaturisation of proteins and lipids (Lombardi et al. 2008, Gay et al. 2010). Efficacy of 
the different types of disinfectants varies under different conditions (Wanaratana et al. 
2010). For example, oxidising agents are not as effective in the presence of organic 
material or in warm (over 15°C), sunny conditions, whereas alkalising agents are highly 
effective at inactivating AIVs in the presence of high concentrations of organic matter 
(Animal Health Australia 2007). Therefore, using an appropriate disinfectant for the 
current conditions is necessary to ensure maximum performance. The way that 
disinfectants are stored also needs to be considered as temperature may influence the 
efficacy of disinfectants (Wanaratana et al. 2010). 
!
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Table 1.6 Survival times of H5N1 in faeces. 
Virus Temperature 
(°C) 
Survival time 
(days) 
Comments Reference 
H5N1 23 
 
4-7 
 
<1  
1  
4  
13  
2  
32-36% RH 
89-92% RH 
15-46% RH 
79-97% RH 
24-30% RH, UV-A/B 
All results are for fresh faeces 
Wood et al. 2010 
H5N1 25 
 
35 
4 
4  
<1  
<2  
40  
moist faeces 
dried faeces 
moist faeces 
moist faeces 
Shortridge et al. 
1998 
H5N1 20 
40 
<24 hrs 
15 mins 
Dry faecal material; 
UV light not effective at killing virus 
even after 4 hrs 
Chumpolbanchorn 
et al. 2006 
H5N1 4 6   Yamamoto et al. 
2010 
H5N1 32-35 
25-32 
30 mins 
4  
In sunlight 
In shade 
Songserm et al. 
2005 
!
Table 1.7 Survival times of AIVs on various materials. 
Virus Temperature Material Survival 
time 
Comments Reference 
H1N1 28°C  Stainless steel, 
plastic 
24-48 h 35-40% RH (Bean et al. 1982) 
Cloth, paper, 
tissue 
<8-12 h  
H5N1 23°C  
 
4-7°C  
 
Galvanised 
metal, glass 
<1 d 
 
13 d 
4-9 d 
1 d 
not affected by RH 
15-46% RH 
79-97% RH 
24-30% RH, UV-
A/B 
 
Wood et al. 2010 
23°C  
4-7°C 
 
Topsoil 1 d 
13 d 
9 d 
4 d 
 
15-46% RH 
79-97% RH 
24-30% RH, UV-
A/B 
 
H5N1 4°C 
20°C 
Feathers 160 d 
10-15 d 
 Yamamoto et al. 
2010 
H13N7 Room temp Feathers 6 d  Tiwari et al. 2006 
Steel, tiles, 
gumboot, tyre, 
plastic 
72 h 
Wood 
Cotton, egg 
tray 
48 h 
24 h 
 
RH:!relative!humidity!
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Table 1.8 Survival times of AIVs in water. 
Virus Temperature Survival time Comments Reference 
 17°C 
28°C 
94-158 d 
26-30 d 
Viral persistence varied between 
isolates and reduced with increasing 
salinity 
Brown et al. 
2007 
H5N1 4°C 30 d  Yamamoto et 
al. 2010 
!
!
Table 1.9!Effect of pH on AIV survival in water. 
Virus pH Survival time Comments Reference 
H9N2 
(LPAI) 
7.0 
5.0 
21 days 
14 days 
> 7 days 
4°C and 20°C 
4°C 
20°C 
(Davidson et 
al. 2010) 
H6N2 
(LPAI) 
8.0 
6.0 
4.0 
 
 
0 days 
21°C Gravier et al. 
2009 
Multiple 
LPAI 
subtypes 
7.4 – 8.2a 30 daysb 
7 daysb 
17°C 
28°C 
 
Brown et al. 
2009 
aRange of ideal pH levels for 12 LPAIVs tested,b maximum number of days reported for pH level of 7.4 
(7 of 12 viruses tested were found to be most stable at this pH) 
!
 !
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1.3! Indonesia  
1.3.1! Geography and demographics 
 
Figure 1.1 Map of Indonesia showing the location of Bali and Lombok. Inset picture shows 
Indonesia on the world map (adapted from CIA: The World Fact!Book and Worldatlas.com)!
!!
The Republic of Indonesia (Figure 1.1) is a Southeast Asian country consisting of 
17,508 islands, of which approximately 6000 are inhabited, making it the largest 
archipelago in the world (CIA 2015). It is located between the Indian and Pacific Ocean 
and borders the Andaman Sea and the Bay of Bengal. Indonesia shares international 
borders with East Timor, Malaysia and Papua New Guinea. At a size of around two 
million square kilometres, Indonesia is the 15th largest country in the world. 
Administratively, Indonesia is divided into 33 provinces (including 2 special regions 
and 1 capital city district). With a population of nearly 250 million (Organization for 
Economic Co-operation and Development OECD 2015), Indonesia is the fourth most 
populated country in the world, of which the majority are Muslim (86.1%). The 
remaining religious groups are Protestant (5.7%), Roman Catholic (3%), Hindu (1.8%) 
and other or unspecified (3.4%) (CIA 2015). The majority of the workforce is employed 
in the service industries (38%), followed by agriculture (44%) and private industry 
(18%) (Forster 2009).  
1.3.1.1! Bali 
Bali is one of Indonesia’s 33 provinces, located east of the island of Java in the Lesser 
Sunda Islands region, which also includes two other provinces, West Nusa Tenggara 
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and East Nusa Tenggara. The island consists of eight regencies (or districts, known as 
‘kabupaten’ in Bahasa Indonesia) and one municipality. Each district is divided into 
sub-districts (‘kecamatan’), which are further subdivided into villages or ‘kampungs’ 
and subvillages, known as ‘banjars’ (Januwati 2006). Bali comprises an area of around 
5800 square kilometres and has a population of more than 3.5 million (Bali Provinical 
Government 2013). The island is home to most of Indonesia’s Hindu population and is 
a major tourist destination, attracting nearly four million visitors in 2014 (Indonesia 
2015).  
1.3.1.2! Lombok 
The island of Lombok is one of the largest in the province of West Nusa Tenggara and 
is the location of the provincial capital, Mataram. It consists of four districts (National 
Portal of the Republic of Indonesia 2010) Locals of the island belong to the tribe of 
‘Lombok Sakak’ (referred to as ‘Sakaks’), which are predominantly Muslim. With an 
area of approximately 4700 square kilometres (National Portal of the Republic of 
Indonesia 2010) and a population of just over 3 million (Wikipedia 2015), Lombok is 
only slightly smaller than its neighbour Bali.  
1.3.1.3! Climate 
Bali and Lombok have similar tropical climates, with temperatures varying between 20-
33°C. The wet season falls between October and March, during which time the region 
experiences the maximum temperatures and humidity levels (Wikipedia 2015).  
1.3.2! Overview of the Indonesian poultry industry 
The Indonesian poultry industry consists of four different enterprises, which are 
categorised as sectors 1-4 (Table 1.10) reflecting enterprise size, commercial intensity 
and level of biosecurity (FAO 2006) Sector 1 (S.1) comprises industrial commercial 
farms and is dominated by a small number of large companies, whilst Sector 2 (S.2) is 
made up of large independent commercial broiler and layer producers (Patrick et al. 
2014). Both sector 1 and 2 farms have moderate to high levels of biosecurity and are 
responsible for their own veterinary care and vaccination programs (Morris et al. 2005). 
Sector 3 (S.3) refers to small-scale commercial production and Sector 4 (S.4) are village 
or backyard farms. Sector 3 and 4 farms have limited biosecurity, particularly the latter, 
which is essentially a free-range poultry production system with minimal inputs from 
farmers (Patrick et al. 2014). The agriculture sector is not highly regulated and 
cooperation and trust between government and large poultry companies is limited 
(Morris et al. 2005, Forster 2009).  
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Although avian influenza is only one of many diseases affecting poultry in Indonesia, 
the social and economic impacts are more serious than other diseases (Forster 2009) 
Direct effects from the disease occur among all sectors of the poultry industry, 
including suppliers and traders (Rushton et al. 2005), however the most severely 
impacted are the smallholder and backyard farmers whose livelihoods depend 
significantly on poultry (Hall et al. 2006). The greatest impact of HPAI on the poultry 
industry arises predominantly from production losses due to increased animal 
mortalities and decreased selling prices resulting from reduced consumption of poultry 
products (Hall et al. 2006). Additional indirect losses occur from the increased costs of 
biosecurity, vaccination and disease management (Ignjatovic et al. 2011). Tourism and 
other related industries are also adversely affected by HPAI (Rushton et al. 2005, 
ACIAR 2009). 
!
Table 1.10 Characteristics of the four different poultry industry sectors present in Indonesia 
(Source: FAO, 2004). 
Characteristic  Sector 1 Sector 2 Sector 3 Sector 4 
System Industrial 
integrated 
Commercial Commercial Village or 
backyard 
Biosecurity High Moderate -high Low - minimal Minimal 
Bird & product 
marketing 
Commercial Usually 
commercial 
Birds usually sold 
in LBMs 
Birds are 
consumed locally 
or sold in LBMs 
Birds kept Indoor Indoor Indoors/part-time 
outdoors 
Mostly outdoors 
Shed Closed Closed Closed/open Open 
Contact with other 
poultry & wildlife 
None None Yes Yes 
Veterinary 
services 
Own veterinarian Pays for veterinary 
service 
Pays for veterinary 
service 
Irregular, depends 
on government 
veterinary service 
!
1.3.3! Poultry production in Bali and Lombok 
1.3.3.1! Overview 
The poultry industries in Bali and Lombok are driven by a strong demand for a range of 
poultry products, not only as a food source but also for religious ceremonies (Forster 
2009). The Balinese Hindu culture is intrinsically intertwined with poultry where 
poultry of different colours and characteristics are often desired for religious sacrificial 
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activities (Mastika 2007). Chicken meat and eggs provide an important source of 
affordable and accessible protein, especially in rural areas (Hall et al. 2006, Ignjatovic 
et al. 2011) and most households rear poultry in small or medium scale backyard farms 
(Putra et al. 2005, Forster 2009). Ducks are used primarily for religious ceremonies and 
are generally consumed on special occasions, with the exception of Muscovy ducks, 
which are generally bred and sold for consumption (Mastika 2007). 
Of the four different enterprises, only sectors three and four operate in Bali and Lombok 
(Simmons 2006a). Vaccination and veterinary care for these farm types fall under the 
responsibility of provincial governments (Simmons 2006b). In smallholder enterprises, 
bird numbers vary from 10 to 10 000, with an average of around 2000 for the larger 
farms (Morris et al. 2005). Most families have up to 30 chickens for personal use in 
households (Januwati 2006). Birds in backyard farms are predominantly kampung (i.e. 
village) chickens, which are reared using traditional methods, with birds allowed to 
roam freely around the village compound or home to forage for food (Morris et al. 
2005, Januwati 2006). Birds raised in this manner often have access to other avian and 
animal species, both wild and domestic, which in Bali may include pigs (Januwati 
2006). Kampung chickens are highly prized and command higher prices among city 
dwellers for their taste and because they are considered more natural compared to 
“improved” breeds of chickens (Morris et al. 2005, Januwati 2006). Domestic duck 
flocks (averaging between 50 – 300 birds) are also generally reared using traditional 
methods, which involves herding birds onto rice fields after harvest, where they are left 
to graze on the left over rice during the day, and keeping them in pens overnight 
(Januwati).  
!
1.3.3.2! Poultry population 
The total population of poultry (chickens and ducks only) in Bali is estimated to be 
around 12 million (2004 estimate) (Santhia et al. 2009), with nearly one third located in 
Tabanan district (Table 1.11). Native chickens comprise approximately 30% of the 
poultry population, broilers and layers about 65% (proportion of broilers is around 30% 
greater than layers) and ducks about 5%. Under traditional management, poultry live in 
close proximity to pigs (Januwati 2006).  
Population estimates of chickens and ducks in Lombok (Table 1.12) are comparatively 
smaller than those in Bali. According to these estimates commercial farming of 
chickens (i.e. sector 3) is far less common in Lombok than Bali but the duck population 
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is slightly higher (8% vs. 5%). Pigs are also farmed in Lombok by a small Hindu 
population, but on a much smaller scale, with 2009 estimates placing the population at 
around 40,000 (Livestock and Animal Health Services of Nusa Tenggara Barat 
province). 
!
Table 1.11 Population of poultry in Bali by district in 2010 (Source: Central Bureau of Statistics of 
Bali Province, 2011). 
District Native chickens Improved breeds of chicken Duck Total 
Badung 534 223 784 755 89 661 1 408 639 
Bangli 398 497 2 020 200 36 588 2 455 285 
Buleleng 879 934 336 861 96 278 1 313 073 
Denpasar 87 469 7 500 9 312 104 281 
Gianyar 482 462 628 000 152 031 1 262 493 
Karangasem 796 076 965 843 57 506 1 819 425 
Klungkung 186 853 319 000 118 474 624 327 
Jembrana 693 935 565 500 57 832 1 317 267 
Tabanan 585 099 3 453 116 108 717 4 146 932 
Total 4 644 548 9 080 775 726 399 14 451 722 
!
Table 1.12 Population of poultry in Lombok by district in 2009 (Source: Livestock and Animal 
Health Services of Nusa Tenggara Barat province). 
District Native chickens Improved breeds of chicken Ducka Total 
Central Lombok 1 166 979 501 490 185 375 1 853 844 
East Lombok 951 285 347 475 100 502 1 399 262 
Mataram 75 788 27 028 18 745 121 561 
North Lombok 145 550 1 835 5 248 152 633 
West Lombok 649 886 380 334 77 137 1 107 357 
Total 2 989 488 1 258 162 387 007 4 634 657 
a!Includes!Muscovy!ducks!and!swans!
1.3.4! Poultry marketing chain in Bali and Lombok 
1.3.4.1! Key players  
The poultry market chain varies according to the type of bird (or product) and farming 
systems involved, and although each step of the chain involves a number of different 
players (Patrick et al. 2014), each chain consists of a group of key participants that are 
important in the marketing of live poultry in Bali and Lombok. This group consists of 
farmers, middlemen (known locally as ‘pengepul’), sellers (‘penganyar’) and consumers 
(i.e. customers). Middlemen or ‘collectors’ are, as the name suggests, the intermediaries 
in the marketing chain and typically collect birds from farmers and distribute to vendors 
at retail LBMs, who then sell directly to customers. Collectors’ source birds from S.3 
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and S.4 farms, often collecting birds from multiple locations and storing them in pens or 
cages until market day (Januwati 2006). Depending on the number of birds being 
transported, collectors may transport birds into the market using a truck (large volumes) 
or a bicycle, motorbike or public transport for smaller quantities (Januwati 2006). 
Mobile vendors (i.e. those who typically move between markets) often sell directly to 
customers themselves, however during peak periods, such as festivals or religious 
holidays, they also may sell birds to collectors. Although collectors may occasionally 
sell live birds directly to customers in the market, they primarily act as suppliers not 
only to markets but also to restaurants and other food providers, or sell birds directly to 
households (Januwati 2006).  
An important point to highlight is that the roles of each participant category are not 
clearly defined as they may play more than one role, for example, a farmer may also sell 
her or his poultry directly to customers in a LBM, thus also acting as a vendor. 
Nevertheless, for the purposes of this study the primary role will determine the title used 
for each participant throughout the manuscript. The roles and relationships between 
each participant category are shown in Figure 1.2. 
!
 
Figure 1.2 Overview of poultry market chain for live birds. Dashed arrow represents an event that 
is more likely to occur during peak periods (Adapted from Januwati, 2006). 
1.3.4.2! Live bird markets (LBMs) 
Live bird markets (or ‘traditional’ markets) play an integral role in the poultry industry 
acting as the major platform for the trade of live poultry (Sparringa 2006). Although 
Farmer !(Sector!3!or!4) 
LBM!Customer Other!LBMs 
LBM!Vendor Collector Mobile!Vendor 
Customer 
Households 
Restaurants 
Catering 
services  
Other!LBMs 
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exact figures for Bali and Lombok are difficult to ascertain from available literature, it 
is estimated that all backyard farmed birds (Januwati 2006) and 90% of industrially 
produced poultry enter the LBMs in Indonesia (Patrick et al. 2014). According to the 
Disease Investigation Centre (DIC) in Bali, there are more than 100 active LBMs in 
Bali alone, (Table 1.13) most of which operate on a three-day cycle based on the 
Balinese lunar calendar, and more than 30 LBMs in Lombok (Table 1.14).  
!
Table 1.13 The number of LBMs operating in in each district in Bali (DIC Bali, 2008). 
District 
Total Number of 
markets 
Public Market 
(open daily) 
Traditional Market 
(Open every 3 days) 
Denpasar 37 7 30 
Badung 7 5 2 
Tabanan 8 1 7 
Gianyar 8 2 6 
Klungkung 3 2 1 
Bangli 8 1 7 
Karangasem 19 5 14 
Jembrana 5 5 - 
Buleleng 14 4 10 
Total 109 32 77 
!
Table 1.14 The number of LBMs operating in in each district in Lombok (DIC Bali, 2008). 
District 
Total Number of 
markets 
Public Market 
(open daily) 
Mataram 
municipality 
12 3 
West Lombok 7 2 
Central Lombok 5 1 
East Lombok 10 1 
North Lombok 2 1 
Total 36 8 
!
1.3.5! Emergence of HPAI H5N1 in Indonesia/LBMs in Bali & Lombok 
1.3.5.1! Pre - 2003 
Highly pathogenic avian influenza is not a new disease. The first published reports of 
HPAI were in 1878, when Perroncito described a highly contagious and fatal disease of 
poultry in Italy (Alexander et al. 2009). Prior to 1997, AI was believed to be a disease 
principally affecting birds with occasional transfer to mammals, causing mild 
respiratory symptoms and conjunctivitis (Alexander 2000). However, this changed 
dramatically when the first infection of HPAI was diagnosed in humans in Hong Kong 
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in May 1997 (Subbarao et al. 1998), bringing AI out of the shadows and to the attention 
of the international community. During the period between May and December 1997 a 
total of 18 human cases occurred, resulting in six deaths (Chan 2002). Although the 
source of infection for the human index case was not determined, beyond that it was 
likely transmitted from a chicken (Shortridge 1999), subsequent cases were found to be 
associated with exposure to infected poultry through retail LBMs (Mounts et al. 1999). 
During the period between 1997 and 2002, Hong Kong SAR experienced a total of three 
separate outbreaks in birds caused by HPAI H5N1 with no further cases of human 
infection (Chan 2002). Evidence suggests that the HPAI H5N1 strains responsible for 
the Hong Kong outbreaks were reassortants of multiple co-circulating AIV strains 
(Guan et al. 2002). An early H5N1 strain isolated from a goose in China 
(A/goose/Guangdong/1/96) was also found to share similarities to the Hong Kong 
H5N1 viruses (Xu et al. 1999). Strict implementation of a variety of measures such as 
depopulation of live bird markets followed by thorough cleaning and disinfection, 
replacing wooden cages with plastic, segregating birds species, restricting poultry 
movements into the colony and improving surveillance activities in markets and on 
farms all contributed to successful containment of the outbreak (Sims et al. 2003b). 
1.3.5.2! 2003 - current 
The current HPAI H5N1 epidemic began in late 2003 to early 2004 when outbreaks 
occurred almost simultaneously in South Korea, China, Japan, Vietnam, Thailand, Lao 
PDR and Indonesia (Sims et al. 2005). The scale of poultry outbreaks in most of the 
affected countries was unprecedented at the time and resulted in more than 120 million 
bird deaths as a result of infection or culling within a three-month period (WHO 2005a). 
More than a decade later, HPAI H5N1 has spread across the globe affecting more than 
60 countries (OIE 2015b). Since 2011, HPAI H5N1 is considered to be endemic in six 
countries: Bangladesh, China, Egypt, India, Indonesia and Vietnam (CDC 2015).  
The mechanism by which AIVs enter and spread between countries is complex and is 
likely to be influenced by multiple factors (Beato et al. 2011). Early in the outbreak Li 
et al. (Li et al. 2004) and Chen et al. (Chen et al. 2004) reported findings that indicated 
domestic ducks in southern China contributed to the generation and maintenance of 
HPAI H5N1 by acting as reservoirs for newly assorted genotypes, enabling the virus to 
become established in a region. Li et al. also purported that wild birds were more likely 
to be responsible for the geographical distribution. In subsequent years, others 
suggested that the spread of H5N1 both within and between countries was likely to be a 
combination of both wild bird introductions and human activities, such as farming and 
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marketing (Sims et al. 2005, Alexander 2007, Alexander et al. 2009), with one or the 
other playing more of a role in some countries than in others (Kilpatrick et al. 2006, van 
den Berg 2009). It is likely that wild birds played a role in the initial transmission of 
precursor viruses to domestic poultry whilst human mediated movement of birds, or 
products derived from them, facilitated the global spread of virus (Morris et al. 2005, 
Thomas et al. 2005, Gauthier-Clerc et al. 2007). In their 2007 review of H5N1 
expansion, Gauthier-Clerc et al. compared the migratory routes of wild birds to virus 
outbreaks across Asia and Europe during the period of 2004 to 2006 and found that the 
geographical distribution and chronology were poorly synchronised. However, a 
comparison of virus dispersion and major human transport routes from China to Europe 
and other Asian countries was found to correspond much more closely, giving credence 
to the theory that human movement of birds facilitated the global spread of H5N1 from 
Asia to Europe, the Middle East and Africa (Gauthier-Clerc et al. 2007).  
1.3.5.3! Highly pathogenic avian influenza in Indonesia 
The first reports of HPAI H5N1 in Indonesia began in August 2003, when an outbreak 
of poultry disease with high morbidity and mortality was reported in Java (Iskandar 
2006). It was not until January of the following year that the causative agent was 
confirmed to be HPAI H5N1 (Li et al. 2004). This delay in making a definitive 
diagnosis allowed the virus to spread rapidly within Java and to neighbouring islands, 
including Bali (Morris et al. 2005). Although the details of how the virus entered the 
country remain uncertain, there are reports that initial outbreaks may have been the 
result of the commercial poultry industry importing breeding stock from China 
(Sedyaningsih et al. 2007) or that it had been introduced from Thailand (Forster 2009). 
In the early period of the epidemic, HPAI H5N1 viruses circulating in Indonesia all 
belonged to Clade 2.1, with the majority belonging to 2.1.3 (Nidom et al. 2012), 
suggesting a single introduction event with subsequent evolution within country (FAO 
2011a). The absence of Clade 2.1 viruses in any other country suggests that wild bird 
transmission of viruses from Indonesia back to mainland Asia or further south has not 
occurred, and that there is probably minimal movement of (infected) poultry out of the 
country (FAO 2011a). From 2004 onwards, ongoing genetic diversification of clade 
2.1.3 H5N1 viruses demanded further classification into fourth order clades (2.1.3.1 – 
2.1.3.3) (Koel et al. 2014). In late 2012, a new clade (Clade 2.3) of the H5N1 virus 
emerged in Indonesia causing unusually high mortality rates (25 – 50%) in ducks (FAO 
2013a). The new clade of virus was more closely related to viruses circulating in 
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Vietnam, China and Hong Kong than to currently circulating strains in Indonesia (Ni 
Luh Putu Indi et al. 2014), however the source has yet to be identified (FAO 2014b). 
The first human death in Indonesia caused by the HPAI H5N1 virus occurred in Java as 
part of a family cluster in July 2005 (Aditama et al. 2011) and since then a further 166 
deaths (as of 23 June 2015) have occurred (WHO 2015). Human infections have been 
associated with recent direct or indirect contact with apparently healthy, sick or dead 
poultry (Sedyaningsih et al. 2007). The close association between poultry and people in 
Indonesia (Santhia et al. 2009), particularly due to the highly prevalent practice of 
backyard farming (Januwati 2006), places people at high risk of exposure to infection 
with HPAIVs, emphasising the need for better education and awareness of biosecurity 
and biosafety in the handling of poultry. 
1.3.5.4! Highly pathogenic avian influenza in Bali and Lombok 
The first outbreak of HPAI H5N1 in Bali occurred in the district of Karangasem in 
October 2003 (Santhia et al. 2009). The OIE was officially notified of the outbreak in 
January of the following year, although definitive diagnosis was only made in February 
(Putra AAG 2006). Unavailability of the necessary sera and antigen to complete 
laboratory confirmation was reportedly responsible for the delay in diagnosis (Putra 
AAG 2006). During this time the disease spread rapidly to eight of the nine districts in 
Bali. Initial control efforts included culling of more than 700,000 chickens, mostly in 
the high poultry density district of Tabanan, followed by the implementation of a 
stamping-out policy and mass vaccination (Simmons 2006b).  
Epidemiological studies conducted by the Disease Investigation Centre (DIC), and both 
provincial and district livestock services of Bali, determined that the rapid spread of 
disease was mainly due to movement of live birds or farm-related equipment (Putra 
AAG 2006). It has also been suggested that free-roaming native chickens (i.e. kampung 
or village chickens) played a large role in the spread of HPAI across Bali and Indonesia 
(Simmons 2006b). 
During the first outbreak, 11.7% (n = 80) of villages in Bali were infected, with the 
highest proportion belonging to the districts of Bangli (39.1% of all villages infected) 
and Jembrana (29.4%). Within the 80 infected villages, 38% of the bird population was 
considered to be ‘high-risk’, of which 20.5% died or were sick, mostly from Tabanan 
and Karangasem districts (48.4% and 30.2%, respectively). Vaccination efforts reduced 
the number of new cases reported. Based on mortality rates, the most susceptible 
species were quail, layer hens, Bangkok chickens (i.e. fighting cocks) and Muscovy 
ducks. No mortalities were reported in geese or turkeys. Other species found to be less 
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susceptible were kampung chickens, pigeons and broilers, all with mortality rates of 1% 
or less. Domestic ducks also had low mortality rates of 3.6% (Putra AAG 2006).  
Epidemiological data for outbreaks of H5N1 in Lombok is extremely limited. The exact 
date of incursion of virus into Lombok is not known, however it is believed to have 
occurred around December 2003, when reports of high mortalities in poultry began to 
surface (Putra 2008). The first laboratory confirmation of H5N1 came in June 2004 
(Putra 2008). Although the West Nusa Tenggara government and related institutions 
introduced several policies to improve biosecurity, surveillance, vaccination and public 
awareness, limited financial and human resources impeded the successful 
implementation of those policies (Simmons 2006b, ACIAR 2009).  
Human HPAI H5N1-related deaths in Bali and Lombok to date have been relatively low 
compared to Java, with three human fatalities reported in Bali and one in Lombok, in 
2012 (OIE 2014).  
1.3.6! Factors influencing the spread of HPAI viruses in Indonesia  
1.3.6.1! Farming systems 
Several factors have been identified that have facilitated the spread of HPAI virus in 
Indonesia, either directly or indirectly. Farms with low biosecurity implementation, 
mixed avian species or those that raise birds using a free-range system are considered to 
be at high risk (Morris et al. 2005, Susilowati et al. 2011). Sector 3 and 4 farms 
typically raise birds under these conditions and therefore play a critical role in the 
maintenance and spread of HPAI H5N1, particularly S.4 farms due to the relatively low 
contact rate between individual birds, which may allow the virus to survive extended 
periods (FAO 2011a). Scavenging ducks, i.e. those that are grazed on rice stubble, have 
also been identified as playing a role as a source of infection for other poultry (Henning 
et al. 2010). Non-recognition of disease and non-reporting are also problematic because 
they can hinder efforts to control outbreaks (FAO 2011a). It has also been reported that 
farmers send birds to market when they suspect disease outbreaks in an attempt to 
recover losses (Morris et al. 2005). Adoption of biosecurity measures and early 
reporting behaviour can be influenced by several factors such as education levels of 
farmers or poultry workers (Sri Hery Susilowati 2011) and knowledge of HPAI 
transmission and prevention (Di Giuseppe et al. 2008). Inadequate compensation 
schemes can also result in a reluctance to report suspected outbreaks (Forster 2009). 
 35 
1.3.6.2! Poor transport hygiene and illegal or informal movements 
The movement of live poultry and their products as part of the poultry trade is 
considered to be an important route of disease spread (Yee et al. 2009a). Insufficient 
cleaning and disinfection of transport equipment can result in mechanical transfer of 
virus and people can also act as fomites through potentially contaminated clothing and 
footwear (WHO 2006b). Following the AI outbreaks in Indonesia in 2003-2004, 
transport of live birds between Java and the eastern islands was banned (Simmons 
2006b). However, uncontrolled, illegal and informal movements of poultry continued 
despite the ban (Morris et al. 2005, Forster 2009, Millar et al. 2015), particularly from 
Java to Bali, where prices and demand for poultry were especially high during religious 
festival periods (Patrick et al. 2014). Cock fighting, which is a popular recreation in 
South-East Asia (SEA) especially among backyard poultry farmers (Kasemsuwan et al. 
2009), may also have contributed to the spread of AIVS as the birds are often moved 
illegally throughout the region (Peiris et al. 2007, Naysmith 2014).  
1.3.6.3! Sale of poultry through live bird markets 
In recent years there has been an increasing interest in the role of LBMs in the 
epidemiology of HPAI. Since the late 1970s, LBMs have been recognised as a source of 
AI viruses and by the early 1990s it was suggested that LBMs were the missing link in 
the epidemiology of avian influenza (Senne et al. 2003). Live bird markets were 
identified as the source of HPAI H5N1 infection in humans in the Hong Kong outbreaks 
of 1997-1998, which resulted in the death of 18 people (Tam 2002), and more recently, 
LBMs have been recognized to be a likely source of infection for domestic poultry 
flocks (Kung et al. 2007).  
Live bird markets are recognized as a high-risk element of the poultry chain (Martin 
2006) and in conjunction with the live bird trade, are now considered to be the main 
pathway for AI transmission (Sims 2007). Due to the large range of bird (and animal) 
species present, often sourced from geographically diverse locations (Senne et al. 2003), 
and the abundance and variety of AI viruses detected (Amonsin et al. 2008, Indriani et 
al. 2010, Lee et al. 2010), LBMs provide optimal conditions for the maintenance, 
dissemination and amplification of AI viruses (Lau et al. 2007, Indriani et al. 2010, 
Fournié et al. 2012). During the H5N1 epidemics that affected Hong Kong in 1997, 
infected birds were commonly found in LBMs, with the prevalence levels in chickens 
reaching 20% (Shortridge 1999). In 2010, Lee et al reported an isolation rate of 10% for 
four different AI subtypes (Lee et al. 2010), whilst the following year, Negovetich et al 
identified seven AI subtypes, with an overall prevalence of 23.0% (Negovetich et al. 
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2011). Recently, Nguyen et al. reported a prevalence of more than 30% of H5 viruses in 
LBMs in Vietnam (Nguyen et al. 2014).  
In addition to the presence of AI viruses among birds sold in LBMs, virus has also been 
recovered from a number of different environmental samples collected from markets, 
including poultry drinking water (Leung et al. 2007), walls, floors and drains (Trock et 
al. 2008). Recently, Indriani et al. (Indriani et al. 2010) sampled 27 different sites from 
areas related to delivery, holding, slaughter, sale and waste disposal from a total of 83 
LBMs in Indonesia and found that 47% showed evidence of environmental 
contamination. Virus was detected from each of 27 sampled sites in the areas sampled, 
most commonly in the slaughter and sale zones, indicating the potential for all areas of 
markets to be contaminated.   
The potential for LBMs to become viral reservoirs is largely determined by the 
management practices of poultry traders (Fournié et al. 2011). Poorly managed markets 
can play a major role in the persistence and transmission of the avian influenza virus 
(FAO 2011a). In Indonesia, the majority of traditional markets are owned and operated 
by the local administration, with day-to-day activities (including collecting payments 
from traders) managed by a designated ‘market manager’, who may oversee more than 
one market (Suryadarma et al. 2007). Faced with trying to meet strict revenue targets, 
market managers reportedly often focus on collecting revenues rather than on properly 
managing the markets, which may include the responsibility of overseeing cleaning 
services (Suryadarma et al. 2007). Neglecting to conduct appropriate cleaning and 
disinfection measures enables AIVs to persist within markets. Habits and practices of 
poultry traders may also influence the persistence and dissemination of AIVs in 
markets. Recently, Fournié et al. (Fournié et al. 2012) identified specific profiles of 
LBM traders in Cambodia and Vietnam that could play a key role in virus perpetuation. 
Traders who frequently had high volumes of surplus birds, low supply frequency and 
commonly purchased birds the day prior to sale were more likely to facilitate the 
maintenance of HPAI H5N1 within LBMs (Fournié et al. 2012). Live bird markets have 
also been linked to a number of human cases of HPAI H5N1 (WHO 2005a, Wang et al. 
2006, WHO 2006a, WHO 2006b), thus posing a public health risk.  Considering that 
human cases are typically linked to direct contact with poultry (Zaman 2011, Bui et al. 
2015) traders may be at risk of exposure to HPAI viruses particularly if they do not use 
adequate protective clothing such as masks and gloves when handling birds (WHO 
2006a) The risk may be even greater for traders who carry out poultry slaughtering due 
to exposure to blood, faeces and other body fluids (WHO 2005b). However, evidence to 
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date has failed to demonstrate that poultry traders (or workers) are at a greater risk 
compared to the general population based on the absence of infection or deaths among 
poultry traders. Nevertheless, identifying poor management practices of traders and 
implementing behaviour modification is a crucial step in limiting the spread of AIVs to 
and from LBMs, which is of particular importance in HPAI H5N1 endemic countries 
with high numbers of LBMs. 
1.3.7! Prevention and control of HPAI in Indonesia 
To date, control efforts in Indonesia have been based on the use of multiple strategies 
such as vaccination, selective depopulation and stamping out in infected areas, 
movement controls for poultry (including poultry products and farm waste), 
surveillance and trace-backs, improving biosecurity and public awareness (Morris et al. 
2005, Simmons 2006b, Siregar 2007, FAO 2013a). 
1.3.7.1! Diagnosis 
The OIE maintains that the most effective strategy for dealing with HPAI relies on early 
detection, rapid confirmation and a prompt response to disease outbreaks (OIE 2015a). 
Failure to detect or recognise the presence of HPAI is believed to have contributed to 
the rapid spread of HPAI H5N1 in the early days (Sims et al. 2004). Recognition of 
clinical signs typical of HPAI infection such as haemorrhages, swollen heads, lethargy, 
reduced feed intake and decreased egg production in layer hens can be useful indicators 
for presumptive diagnosis (Elbers et al. 2005). However, this is limited to symptomatic 
infections, which can differ between hosts, virus strain and host’s immune status (OIE 
2015a). Another major problem with relying on clinical features is that other poultry 
diseases, in particular Newcastle Disease, display similar symptoms, making differential 
diagnosis difficult (Belák et al. 2009). Therefore, current recommended procedures for 
diagnosing HPAI are based on virus isolation by serology or through direct detection of 
genetic fragments using molecular approaches, as outlined in Chapter 2.3.4 of the OIE 
Terrestrial Manual (OIE 2015a). A summary of the pros and cons of the two main 
approaches recommended by the OIE will be presented below. For further detailed 
information, the reader is directed to the OIE manual, which can be accessed at 
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.03.04_AI.pdf. 
Virus isolation is a highly valuable tool for diagnosis, however it is costly, labour 
intensive and time consuming and is therefore more suitable for identification of the 
index case in an outbreak or the source of an outbreak (Cattoli et al. 2008). Molecular 
diagnostic methods are based on polymerase chain reaction (PCR) techniques, most 
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commonly reverse transcription-polymerase chain reaction (RT-PCR), and have the 
advantage of providing rapid and sensitive results (Suarez 2003, Chen et al. 2007). 
However, RT-PCR methods are prone to contamination that can lead to false positives 
(de Jong et al. 2006). False negatives, due to the presence of PCR inhibitors, are also a 
common issue when using molecular based diagnostic methods (Lauri et al. 2009). 
Another increasingly popular approach is the use of rapid diagnostic kits, such as 
enzyme immunoassays. The key advantages of such kits are, as the name suggests, 
rapid results, generally within 15-30 minutes, and they require minimal laboratory 
equipment. These tests however often lack sensitivity or specificity, resulting in false 
positives or negatives, may not be suitable for the bird type being tested, cannot identify 
subtype and are typically expensive (OIE 2015a).  
In recent years Indonesia has made efforts, in collaboration with FAO, to build and 
strengthen laboratory capacity to improve influenza virus monitoring (FAO 2013a), as 
in the past state laboratories had been slow to report positive cases due to inadequately 
staffed or equipped laboratories (Putra AAG 2006).  
1.3.7.2! Surveillance  
A well-integrated surveillance system is a highly valuable tool for early detection and 
warning, however the high costs associated with collecting and processing samples 
limits the viability of this option for low-resource countries with a large population of 
backyard farmers. One approach implemented in Indonesia, which takes into account 
the high number of small-poultry producers, is the Participatory Disease Surveillance 
and Response (PDSR) program initiated by FAO in 2006 (Azhar et al. 2010). This 
passive surveillance system (FAO 2013a), conducted by local government officials in 
close collaboration with village authorities and central government, focuses entirely on 
village and small-scale flocks. Whilst an increasing number of HPAI infections in 
poultry have been reported since its inception, results are skewed toward sector four 
farms and provide no information on the level of disease in commercial farms (FAO 
2011a). Furthermore, the quality and intensity of surveillance activities in each of the 
different areas is disparate, also resulting in skewed results, with the highest number of 
outbreaks reported in large, densely populated provinces (FAO 2012). 
1.3.7.3! Vaccination 
Vaccination was introduced early in the campaign against HPAI H5N1 in Indonesia, 
both as a preventative measure and as an emergency procedure, with the aim of limiting 
spread during outbreaks and protecting uninfected flocks (Morris et al. 2005, Simmons 
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2006b, FAO 2011a). Vaccination against HPAI has been shown to reduce transmission, 
morbidity and, or mortality in chickens (Maas et al. 2009, Poetri et al. 2011), ducks 
(Cagle et al. 2011), turkeys (Bos et al. 2008) and geese (Eggert et al. 2010). However, 
the efficacy of vaccines is largely dependent on the type and the number of 
administered doses (Bos et al. 2008, Eggert et al. 2010) and antigen content of the 
vaccine (Maas et al. 2009).  Although vaccination can protect birds and reduce the 
overall burden of disease (Capua et al. 2009, Chen 2009), viral shedding may continue, 
and in some cases persist for extended periods without obvious signs of infection 
facilitating silent transmission of the virus (Abdelwhab et al. 2011, Poetri et al. 2014).  
Following initial outbreaks of H5N1 in 2003, inactivated vaccines were imported for 
use predominantly in Sector 1 and 2 farms (Ignjatovic et al. 2011).  In late 2005 local 
production of vaccines began, and up to 2011, 24 imported or locally manufactured AI 
vaccines were registered for use in Indonesia, none of which have been shown to be 
effective in the field (Ignjatovic et al. 2011). Although following initial vaccination 
efforts improvements were observed in preventing losses and in reducing viral load in 
the environment, these were short-lived and the mass campaigns proved to be 
unsustainable (Morris et al. 2005, FAO-OIE-WHO 2011).  
Vaccination to date has generally been practiced in long-lived birds such as layers and 
breeders, but rarely in broilers (Prajitno) or backyard flocks (of chickens and ducks) 
(Patrick et al. 2014). The emergence of the clade 2.3 H5N1 viruses in 2012, which were 
more pathogenic to ducks, lead to the Directorate General of Livestock and Animal 
Health encouraging duck farmers to vaccinate birds with current locally produced clade 
2.1.3 vaccines (Poultry 2013). However the clade 2.1.3 vaccines appeared to have little 
effect on the occurrence of infection with clade 2.3 viruses (FAO 2014b). Information 
on vaccination programs in Bali and Lombok is scarce, however a survey of sector three 
broiler and layer farms in Bali indicated that vaccination is self-funded, rare and limited 
to use in layers during outbreaks (Simmons 2006b, Toribio 2010).   
1.3.7.4! Stamping out/culling and movement controls 
Culling and stamping out approaches have been successful in countries experiencing 
small outbreaks with a good surveillance system in place such as in Hong Kong (Sims 
et al. 2003a) However, failing to provide adequate reimbursement for destroyed stock 
can lead to delayed or under-reporting (Meleigy 2007, Peyre et al. 2009) and 
weaknesses in disease reporting, tracing and surveillance systems can make it difficult 
to find and destroy all infected poultry (FAO 2011a). Farmers selling their poultry 
before government actions can be taken also hinder efforts to control disease outbreaks 
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(FAO 2011a). In Indonesia compensation is rarely provided following culling, and is 
only available for farmers with up to 5000 birds and at a maximum of 10 000 IDR/bird 
(approximately US$1) (Forster 2009). Reports of compensation in Bali and Lombok 
suggest that payments are rare and that only egg producers are reimbursed, with an 
average of 2000 IDR/bird (Simmons 2006b). 
1.3.7.5! Biosecurity in LBMs 
The current marketing system in Indonesia relies heavily on the sale of live birds 
through markets. Once a market becomes infected, it can act as an important source of 
virus for other parts of the production system, therefore improving biosecurity and 
hygiene in LBMs should be the principal focus of any disease control program. 
Furthermore, implementing interventions in LBMs may be a more economical and 
realistic option than farm-based approaches, especially if high-risk markets are targeted 
(Fournié et al. 2011). A number of measures such as daily cleaning and disinfection of 
cages, segregating chickens and ducks, slaughtering unsold poultry and the introduction 
of regular and frequent market rest days, where markets are depopulated and thoroughly 
cleaned and disinfected, have all been shown to reduce viral load within LBMs (Kung et 
al. 2003, Lau et al. 2007, Trock et al. 2008, Martin et al. 2011). Active surveillance in 
LBMs may also provide a more practical approach to identifying infection in ducks (an 
important source of silent transmission), which may be more difficult to sample in 
traditional farming settings. Additionally, environmental sampling within LBMs may 
provide an alternative to bird sampling in markets, where traders are reluctant to agree 
to invasive procedures, and has the additional benefit of reducing exposure of public 
health officers and veterinarians to infected birds (Indriani et al. 2010). 
Despite numerous measures, HPAI H5N1 outbreaks in poultry and human infections 
continue to persist in Indonesia (FAO 2014b). Progress in eradication efforts has been 
largely hindered by a lack of basic resources and infrastructure necessary to support 
control measures (Morris et al. 2005, FAO 2011a).  The task is further impeded by 
complex, poorly regulated and high-volume production and marketing systems with 
inadequate biosecurity and hygiene measures (Morris et al. 2005, FAO 2011a). 
Therefore the major focus should be on improving biosecurity along the marketing 
chain, particularly LBMs due to the important role they play.  
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1.4! Approaches to study the role of LBMs  
1.4.1! Social network analysis (SNA) 
Diseases with a complex epidemiology, such as avian influenza, benefit from a 
multidisciplinary approach to identify underlying factors, not always obvious using 
mainstream epidemiological approaches (FAO-OIE-WHO 2008). Traditional methods 
used in epidemiological studies of animal disease have previously focused on the 
‘attributes’ of individuals and the association between these attributes and the presence 
or absence of disease (Pfeiffer et al. 2006). Yet evidence has demonstrated that human-
related actions exert an enormous influence on the transmission and spread of infectious 
disease such as avian influenza viruses, requiring approaches that take into account 
human behaviour and practices (Morris et al. 2005, Funk et al. 2010). 
One approach gaining popularity in veterinary epidemiology is a general class of 
statistical techniques known as social network analysis (SNA) (Martinez-Lopez et al. 
2009). Social network analysis attempts to explore and understand the topology and 
characteristics of a system at the levels of the network, subgroups within the network 
and the individuals that make up the network (Wasserman 1994).  This technique allows 
patterns of contacts to be described and quantified, thereby enabling us to understand 
how they may aid or inhibit the spread of disease (Christley 2005). Social network 
analysis involves definition of the entities involved in a network (termed nodes) and 
identification of the transactions that occur between them (Christley 2005, Pfeiffer et al. 
2006, Luke et al. 2007). This allows the calculation of a range of metrics that provide 
insight into the nature of linkages between nodes and the identification of those nodes 
that are highly influential in terms of transmission of material (e.g disease) throughout 
the network (Pfeiffer et al. 2006). In contrast to mainstream epidemiological analyses 
that focus on characteristics of individuals, network analyses are more concerned with 
‘relationships’ that exist between pairs of individuals (Borgatti et al. 2009). For 
example, the amount of interaction between animals, or the movement of animals 
between farms, markets or villages. This perspective recognises that individual 
attributes are only part of the story and that it is not solely the elements of a system that 
are important, but how they are linked together (Luke et al. 2007).  
Although this methodology was initially used in the social sciences (Borgatti et al. 
2009), it has many practical and useful applications in both medical and veterinary 
epidemiology. To date, social network analysis has most commonly been used in 
sexually transmitted disease research, including AIDS (Rothenberg et al. 1998, Bell 
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1999, Potterat et al. 2002) and gonorrhoea (Klovdahl 2001, De et al. 2004). It has also 
been shown to be effective in investigations into tuberculosis transmission (Cook et al. 
2007).  In the last decade, there has been a substantial increase in the use of social 
network analysis in veterinary epidemiology. Examples include studies investigating 
cattle trade patterns in Denmark (Bigras-poulin et al. 2006) and Italy (Natale et al. 
2009), contact networks for cattle farms in England (Brennan et al. 2008) and Argentina 
(Aznar et al. 2011) and for the poultry industry in Great Britain (Dent et al. 2008) and 
New Zealand (Lockhart et al. 2010) and for the analysis of epidemic spread of equine 
influenza in Australia (Firestone et al. 2011).  
More recently, network analysis has also been used in avian influenza research. In 2009, 
Van Kerkhove et al. employed SNA to investigate associations between poultry trade 
networks and trader practices in Cambodia (Van Kerkhove et al. 2009). Magalhães et al. 
(Soares Magalhães et al. 2010) used network analysis to identify associations between 
live poultry traders and HPAI H5N1 outbreaks in poultry in Vietnam. The following 
year, Martin et al. (2011) used LBM network maps to estimate the associated risk of 
HPAI H5N1 within LBMs and along the poultry marketing chain in China, providing 
valuable information on how the trade of live poultry and infection are intertwined. 
More recently, Poolhket et al. (Poolkhet et al. 2012) investigated the trading patterns of 
backyard poultry farmers in Thailand and identified important nodes (either a group of 
people, for example farmers, or a place, such as a slaughterhouse, cock fighting arena or 
farm) in the spread of avian influenza, allowing these to be targeted for control and 
prevention activities. 
The examples provided here demonstrate the potential and versatility of social network 
analysis, which may lead to a better understanding of diseases with a complex 
epidemiology, especially those in which human behaviour plays a large role.  
1.4.2! Qualitative risk assessment 
One of the primary goals of epidemiological studies is to use the information gathered 
to assist in disease control and eradication activities (Bartlett et al. 1997). A key element 
of controlling highly infectious transmissible diseases such as avian influenza is 
identifying the risk and consequences of a disease event occurring (Exner 1996). 
However, resources are rarely limitless and therefore it is necessary to prioritise the 
risks and to determine which risks warrant action (Krause et al. 2008). In order to 
achieve this, the likelihood (or probability) of a risk event occurring and the magnitude 
of the consequences need to be determined (Hathaway 1991). The process of estimating 
the probability and impact of a particular risk is referred to as ‘risk assessment’ 
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(Biosecurity New Zealand 2006). Risk assessments normally include a scenario tree 
(i.e. biological pathway by which a hazard may be introduced or an animal/human can 
be exposed to a hazard), outlining the relevant factors required for introduction of, or 
exposure to, the hazard (OIE 2004). Comprising four separate assessments: release, 
exposure, consequence and risk estimation, a risk assessment forms part of the risk 
analysis process adopted by the World Animal Health Organisation (OIE) for the 
purpose of effectively managing the risks associated with importation of live animals 
and animal products into an importing country (OIE 2004). The OIE risk analysis 
framework embraces a series of steps including hazard identification, assessing the risk, 
managing the risk and finally communicating the risk to the appropriate stakeholders 
(Figure 1.3). 
 
Figure 1.3 OIE risk analysis framework (OIE, 2004). 
The four inter-related steps to estimate a specific level of risk according to the OIE risk 
analysis framework (OIE 2004) are the following. Firstly, the release assessment 
estimates the likelihood of a hazard being introduced into a particular zone. This is 
followed by an exposure assessment, which describes the biological pathway(s) 
necessary for exposure of the susceptible population to the hazard and estimates the 
likelihood of those exposure(s) occurring. The consequence assessment describes the 
relationship between exposures to a hazard, the consequences of those exposures and 
their likelihood. The final step integrates the results from each of the three above 
assessments to provide an overall estimation of the risks associated with the hazard. In 
cases where only the risk of introduction or exposure to a hazard is of interest, either a 
release or exposure assessment can be conducted. 
Risk assessments may be undertaken either quantitatively or qualitatively depending on 
the availability of the relevant data or depth of information required (Dufour et al. 
2011). The key difference between the two is the way likelihoods or probabilities are 
expressed (FAO 2003). In quantitative assessments outputs are expressed numerically 
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and involve the use of mathematical models to link the steps of the risk pathway (OIE 
2004). This form of risk assessment is generally used in circumstances where it is 
necessary to identify critical steps, compare sanitary measures, or to gain further 
insights into a particular problem (OIE 2004). In contrast, qualitative assessments use 
descriptive terms such as high, medium and low to express the probability of risk and 
the magnitude of consequences and are suitable in circumstances where detailed 
information on relevant data is lacking, or to identify knowledge gaps (Morgan et al. 
2009). However, due to their subjective nature, qualitative assessments need to be 
highly transparent, clearly outlining all the data, assumptions, uncertainties, methods 
and results to assist with understanding of the logic, and need to be supported by a 
reasoned and logical discussion (OIE 2004, Hayes et al. 2007, Krause et al. 2008). 
Conducted in an appropriate manner as described above, qualitative risk assessments 
provide a useful tool to assess the likelihood of the occurrence of an event in a data-
poor situation that is less time consuming yet equally as valid as quantitative 
approaches (FAO 2003).  
1.5! Research problem and aims 
Avian influenza is a highly transmissible disease of birds with a complex epidemiology. 
The current HPAI H5N1 epidemic sweeping the globe has caused more bird and human 
deaths than any other avian influenza virus to date. The virus has shown a great ability 
to infect a wide range of hosts and is constantly evolving and re-assorting with other 
subtypes producing new variants with differing pathologies. If a new variant acquires 
the ability to easily transmit between humans this could possibly result in a global 
pandemic.  
Indonesia, like many of its South-east Asian neighbours, has been battling the virus 
since late 2003 but, despite domestic and international efforts, has failed to bring the 
disease under control and is currently one of only a handful of countries that have been 
declared HPAI H5N1 endemic. Limited progress in containing the disease to date in 
Indonesia has been largely attributed to two main factors: 1) the highly decentralised 
government, which makes it difficult to implement national policies at the provincial, 
district and local level and 2) the large number of small-scale and backyard poultry 
farms and households that raise poultry in small numbers, the bulk of which are sold 
through LBMs.  
Since the Hong Kong outbreaks of 1997-2002, awareness of the potential role that 
LBMs play in the widespread dissemination of avian influenza viruses, at both the local 
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and global level, has been growing. Closing LBMs is not considered a realistic option as 
it may force the poultry trade to continue illegally. Therefore, the major focus should be 
to limit the potential for the virus to persist and circulate in LBM settings.  
At the commencement of this study, very little peer-reviewed literature had been 
published on the topic of LBMs and at the time the majority of published data on 
poultry markets was from the US and Hong Kong. Since then, there has been an 
increase in the number of studies investigating LBMs, providing much needed 
information on the prevalence of AI viruses in markets. However, information on the 
movement, marketing and management behaviour and practices of poultry traders, 
specifically in Bali and Lombok, is still lacking. Given the continuing outbreaks of 
HPAI H5N1 and emergence of new HPAI viruses in the region, as well as the 
decentralized governance structure of Indonesia, it is crucial to determine how LBMs in 
Bali and Lombok are contributing to the persistence and dissemination of those viruses. 
In order to achieve this, knowledge of how live poultry is marketed, managed and 
moved through the value chain, and how these factors may influence the transmission 
and dissemination of AIVs in Indonesia is required.  
Therefore the objective of this study was to investigate the role of LBMs in the 
transmission and spread of HPAI in Bali and Lombok.   
1.6! Objectives 
•! Provide basic information on the infrastructure and biosecurity at a selection of 
LBMs in Bali and Lombok 
•! Describe and analyse trends in the marketing and management of live poultry 
traded through LBMs in Bali and Lombok  
•! Identify trader practices that could facilitate the transmission and spread of avian 
influenza viruses. 
•! Identify trader knowledge and perceptions of HPAI and biosecurity and 
determine whether knowledge has an effect on preventative behaviour  
•! Investigate the movement patterns of poultry to and from live bird markets in 
Bali and Lombok using social network analysis 
•! Qualitatively assess the likelihood of exposure and infection of a susceptible 
bird to H5N1 HPAI by direct or indirect contact in each of the 17 LBMs studied 
!
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1.7! Overview of the thesis 
The findings of the research conducted as part of this thesis will be presented in the 
following chapters. 
Chapter 2 presents the findings of a descriptive study conducted of 17 markets from 
throughout Bali and Lombok. The study outlines the status of each selected market in 
terms of infrastructure, biosecurity and the overall condition, which provided necessary 
basic background information for subsequent studies. 
Chapter 3 contains the results of a cross-sectional survey of live poultry traders and 
customers conducted at each of the 17 markets. The study focused on identifying trends 
in the marketing and management of live poultry through live bird markets. 
Chapter 4 presents the findings of a study investigating poultry trader knowledge and 
perceptions of HPAI transmission and prevention and the influence of knowledge on 
preventative behaviour. 
Chapter 5 describes the findings of a study investigating the movement patterns of live 
poultry through Bali and Lombok markets using social networks analysis. 
Chapter 6 presents the findings of a qualitative assessment of the likelihood of infection 
of a susceptible bird at each market through direct and indirect forms of exposure to 
HPAI H5N1. 
Chapter 7 concludes the thesis by providing an overview of the main findings from each 
study, conducted as part of this thesis. 
 47 
Chapter 2:!Characterization of live bird markets 
(LBMs) in Bali and Lombok 
2.1! Introduction 
Live bird markets (LBMs) play an important role in the poultry marketing chains of 
Bali and Lombok by acting as the primary trading platform for ducks, spent layers and 
kampung chickens, and for approximately 20% of broilers in Bali (Patrick et al. 2014). 
Currently LBMs are recognised as a high-risk component of the poultry marketing 
chain (Martin), a key pathway for AI transmission (Sims 2007) and a potential source of 
HPAI infection for domestic poultry and humans (Senne et al. 2003, Morris et al. 2005, 
Wang et al. 2006, Kung et al. 2007, Wan et al. 2011, Nasreen et al. 2015). Comingling 
of different avian species may also facilitate AIV re-assortment (Webster 2004, Sims 
2007, Lee et al. 2010), which warrants concerns for the development of potential 
pandemic strains. Despite this, the exact role markets play in virus dissemination has 
not been clearly defined. 
Traditional LBMs provide ample opportunity for transmission of AI viruses to occur via 
direct and indirect means. Although direct contact with an infected bird is considered to 
be the main mode of transmission (Van der Goot et al. 2003b, Tsukamoto et al. 2007), 
exposure to viruses can also occur indirectly via aerosol droplets when birds are housed 
in close proximity in a poorly ventilated environment or through faecal exposure (Yee 
et al. 2009b) and contaminated fomites (Tiwari et al. 2006) if strict cleaning and 
disinfection measures are inadequately or irregularly practiced. In order to assess the 
potential role of LBMs in the transmission and spread of avian influenza viruses, high-
risk features and practices occurring within markets need to be identified. 
The objective of this study was to describe the general characteristics of a selection of 
markets in Bali and Lombok in terms of the overall condition, infrastructure, marketing 
activities and biosecurity. Data collected from this study provides essential background 
information for the subsequent chapters.  
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2.2! Materials and Methods 
2.2.1! Definitions 
Broilers: birds from the Gallus genus bred and raised specifically for meat production.  
Designated livestock market: a market (either in- or outdoor) located in an area used for 
the sole purpose of selling live birds and or other livestock, such as cattle and pigs. This 
category of market is normally considered to be permanent and may be either 
standalone or located within a traditional market that sells a variety of fresh produce, 
including chicken carcasses, prepared foods and non-food items such as textiles, 
electronics, home-wares etc.  
Ducks: includes all birds belonging to the Anas genus sold for meat or egg production. 
Fighting cocks: roosters (Gallus genus), raised primarily for recreational purposes (e.g. 
cock fighting) rather than consumption. 
Kampung chickens: birds from the Gallus genus that are reared in a ‘free-range’ 
manner, also known as ‘village’ chickens.  
Muscovy duck: refers specifically to the avian species Cairina moschat sold primarily 
for meat.  
Permanent cage: cages that remain in markets at all times, typically rented out to traders 
by market managers. 
Pet birds: all non-poultry avian species, which are typically sold for recreational rather 
than food purposes. 
Poultry: the class of domesticated birds farmed for their meat or eggs belonging to the 
genera Gallus (e.g. chickens, quails and turkeys), Anas (e.g. ducks) and Anser (e.g. 
geese). Excluded from this group (despite belonging to the genusgebus Gallus) are 
fighting cocks due to their primary purpose as pet birds. 
Roadside market: a market that is set up temporarily along a main road or car park 
bordering a main road. Occasionally fresh produce and other non-food items in addition 
to live poultry are also sold. All roadside markets included in this study are located 
outdoors. 
Spent layers: old unproductive laying hens (Gallus genus) sold for consumption. 
Temporary cage: cages owned by traders and therefore removed from the market when 
they leave the premises. 
Ventilation: the quality of air circulation in the market trading area, that, if insufficient, 
can lead to the build up of unpleasant odours, dust and feathers in the air. 
 
 49 
2.2.2! Study location 
The study was carried out on the islands of Bali and Lombok in Indonesia (Figure 1.1). 
These islands were selected based on their location, similar poultry industries and 
differing HPAI H5N1 outbreak status at the time of the study. The poultry industry on 
both islands consists of Sector 3 commercial farms (layers and broilers) and Sector 4 
backyard farms (village chickens) (Simmons 2006b), which are at greater risk of HPAI 
infection than Sector 1 or 2 farms due to low levels of biosecurity (Morris et al. 2005). 
Bali’s close proximity to Java, which is believed to be the epicenter of the HPAI H5N1 
infection in Indonesia (Morris et al. 2005), places it in a particularly vulnerable position 
as poultry moves through illegal channels between these islands (Forster 2009, Millar et 
al. 2015). At the commencement of this study Lombok had no laboratory confirmed 
human HPAI H5N1 fatalities and although sporadic poultry outbreaks had been 
reported and confirmed locally (Simmons 2006b) it was not considered to be endemic 
on the island. In contrast human fatalities had occurred in Bali and the island province 
was considered to be HPAI H5N1 endemic (Santhia et al. 2009). Official reports of 
HPAI H5N1 poultry outbreaks in Lombok began to surface in late 2011 as FAO 
Participatory Disease Surveillance and Response (PDSR) data became available and the 
first human fatality was reported in March 2012 (WHO 2015). 
At the commencement of the study it was estimated that there were 109 active live bird 
markets in Bali and 36 in Lombok (DIC). Due to limited resources a total of nine 
markets in Bali (Figure 2.1) and eight markets in Lombok (Figure 2.2) were selected as 
the focus of this study. Markets were selected based on the following criteria:  
•! Size of the market (Large: >25 traders and sold multiple live poultry species and 
other livestock; Medium: 10 – 25 traders and a mixture of commodities sold in 
addition to an assortment of live poultry but no other livestock and; Small: also a 
mixed commodities market but on a smaller scale with few live poultry species 
and less than 10 traders selling birds);  
•! Approximate volume of poultry (High: >2000; Moderate: 500 – 2000; Low: 
<500);  
•! Medium to high flow of road traffic surrounding market (expected to have a 
larger customer base);  
•! Operating frequency (i.e. daily trading or 1-3 times per week);  
 50 
•! Poultry farm density (High: >10 poultry farms within a 1km radius of market; 
Moderate: >10 poultry farms within a 1-5km radius and Low: >10 poultry farms 
more than 5km radius around market); and  
•! Whether there had been any locally confirmed reports (i.e. confirmed by the 
Regional Office of Livestock and Animal Health) of HPAI H5N1 outbreaks in 
poultry in the previous 12 months.  
 
 
Figure 2.1 Location of markets in Bali: A – Amlapura, B – Anyar, C – Bale Agung, D – Beringkit, E 
– Galiran, F – Kediri, G – Mengwi, H – Seririt, I – Umum. 
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Figure 2.2 Location of markets in Lombok. A – Bertais, B – Gerung, C – Kebon Roek, D – 
Masbagik, E – Narmada, F – Renteng, G – Sindu, H – Tanjung. 
2.2.3! Data collection 
Data was collected through field observations at each of the 17 selected markets during 
the period of July 2007 to April 2009. This was normally conducted in a single visit (in 
some cases up to four visits) within a 1 to 2 hour time frame, depending on the size and 
activity levels of the markets at the time of visit. Data collection utilised a combination 
of both quantitative and qualitative methods.  
Quantitative approaches consisted of non-participant, direct field observations 
(Sarantakos 1993) of LBMs. This involved visiting each market and recording the 
occurrence of various characteristics onto a structured form developed to capture 
information on market infrastructure, bird and animal species sold, market cleanliness 
and biosecurity measures practiced. The form was created in Microsoft Excel 
(Microsoft Office Excel 2007) and consisted of structured questions pertaining to each 
of the three categories named above.  
Qualitative data collection consisted of informal, semi-structured, non-participant, direct 
and indirect field observations of both physical characteristics and human behaviour 
(Sarantakos 1993) within the LBM setting. Observations were recorded in the form of 
semi-structured notes during market visits, and included aspects of market layout, 
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transport, marketing, bird husbandry, and hygiene and biosecurity practices. Sketches, 
photographs and video footage were captured to provide a visual record of various 
characteristics of the markets, described above.  
A conservative grading system was used for market and cage cleanliness based on ‘best’ 
and ‘worst’ case scenarios observed in the field. Examples of each grade are provided in 
the results section for reference. 
2.2.4! Data management and analysis 
Data from the recording forms was coded and entered into an Excel spread sheet 
(Microsoft Office Excel 2007) and frequencies of occurrence were calculated for each 
of the descriptors. The informal, unstructured notes taken in the field were compiled, 
entered and stored in a Microsoft Word document (Microsoft Office Word 2007) at the 
earliest convenience upon return from the field. Market diagrams drawn in the field 
were recreated and stored using PowerPoint presentation software (Microsoft Office 
PowerPoint 2007). Statistical analyses were not undertaken due to the small sample size 
in each location.  
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2.3! Results 
2.3.1! Market locations and trading frequency 
 
Figure 2.3 Example of a roadside market (Renteng) common in Lombok. 
Operating hours for all markets were fairly similar, generally beginning early morning 
(between 3-7.00am) and remaining open for seven to nine hours. Five (56%) markets in 
Bali and three (38%) in Lombok operated on a daily basis. The remaining markets in 
Lombok operated once a week and in Bali twice a week either on set days (e.g. 
Wednesday and Sunday) or on a 3-day schedule set according to the Balinese calendar. 
Seven of eight markets (88%) evaluated in Lombok were located outdoors, four (50%) 
situated along major roads or intersections (classified as ‘roadside’ markets, shown in 
Figure 2.3), two (25%) within a traditional market (Figure 2.4) and one (13%) on a 
designated site. 
 
Figure 2.4 Example of an indoor market (Umum). 
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The remaining market, also on a designated site exclusively used as a poultry market, 
was partially enclosed (i.e. fences and a roof but not fully enclosed). All nine (100%) 
markets in Bali occupied sites on a permanent basis as opposed to the temporary status 
of roadside markets Lombok. The majority of markets in Bali were either fully or 
partially enclosed and located within or attached to traditional markets (e.g. Figure 2.4). 
A single market was located on a stand-alone designated outdoor site. Bird selling areas 
were generally contained in a single, albeit fairly dispersed, area. In addition, no market 
appeared to have designated drop-off points, meaning traders used the same entrances 
as customers. Data on trading patterns and location for each of the 17 LBMs in Bali and 
Lombok are outlined in Table 2.1.  
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Table 2.1 Location attributes and trading frequency of markets in Bali (B) and Lombok (L) 
Market District Trading 
frequency 
Market typea Level of 
enclosure 
Amlapura (B) Karangasem Daily Traditional Partially enclosed 
Anyar (B) Buleleng Daily Traditional Indoor 
Bale Agung 
(B) 
Bangli 2 days/week Traditional Partially enclosed 
Beringkit (B) Badung 2 days/week LBM (separate) Outdoor 
Galiran (B) Klungkung 2 days/week Traditional Partially enclosed 
Kediri (B) Tabanan 2 days/week LBM  Outdoor 
Mengwi (B) Badung Daily Traditional Partially enclosed 
Seririt (B) Buleleng Daily LBM (separate) Outdoor 
Umum (B) Jembrana Daily Traditional Indoor 
Bertais (L) Mataram Daily LBM  Outdoor 
Gerung (L) West Lombok Weekly Traditional Outdoor 
Kebon Roek 
(L) 
Mataram Daily Traditional Outdoor 
Masbagik (L) East Lombok Weekly Roadside Outdoor 
Narmada (L) West Lombok Weekly Roadside Outdoor 
Renteng (L) Central Lombok Weekly Roadside Outdoor 
Sindu (L) Mataram Daily LBM  Partially enclosed 
Tanjung (L) West Lombok Weekly Roadside Outdoor 
aMarkets are classified according to the type of location in which they are situated. A poultry market 
situated within a traditional market (i.e. venue with various goods for sale such as fresh and prepared 
foods, clothing, electronics, home wares etc.) is classified as ‘traditional’. A roadside market, as the 
name suggests, is located along a major road or intersection. A poultry market may also be a stand-alone 
designated live bird market (LBM) or attached to a traditional market with a separate designated area 
(stipulated as separate in parentheses). 
 
2.3.2! LBM infrastructure 
2.3.2.1! Size 
It should be noted that, where possible, market size refers to the live bird trading area 
only. In many cases this was not possible to distinguish due to the practice of mixing 
the sale of poultry with other goods, such as fruit and vegetables. Where measurable, 
market sizes were similar between the two islands (25 – 225 m2 vs. 30 - 260 m2 for Bali 
and Lombok, respectively), which was also reflected in the mean (141 m2 vs. 155 m2).  
2.3.2.2! Access 
Of the 17 markets evaluated, six (35%) had one or two entrances, seven (41%) had three 
or more and four (24%) were accessible from all directions (i.e. roadside markets). 
Gates were present in a total of three (18%) markets (all in Bali). In two of the three 
markets (Beringkit and Galiran) gates were positioned at the main entrance to the entire 
market (which were enclosed by a fence or wall) and not specifically at the poultry 
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market. In the third market (Amlapura), a gate was located at one of three entrances into 
the poultry selling area. During field visits, no active bird inspections, at entrances, 
gates or within the market place, were observed.  
2.3.2.3! Cages  
Cage materials consisted of bamboo (Figure 2.5), wood (Figure 2.6), metal and plastic 
(Figure 2.7), with bamboo being the most common (n = 17 markets). Plastic and, or 
metal cages had been observed in eight (89%) markets in Bali and one (13%) in 
Lombok but were rarely used (i.e. no more than 1 – 2 traders in each market) and, when 
seen, were mostly used for transport rather than to house birds at markets. 
 
Figure 2.5 Bamboo cage. 
 
Figure 2.6 Wooden cage. 
Wooden cages (occasionally with metal mesh wiring) featured often in permanent 
markets and were therefore more common in Bali (n = 9 markets compared to n = 4 in 
Lombok). Other storage methods occasionally seen during market visits included rice 
sacks (used for ducks) and hand woven baskets, known locally as ‘kises’, which were 
used to transport single fighting cocks (Figure 2.8). 
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Figure 2.7 Examples of metal (left) and plastic cages (right). 
 
Figure 2.8 Examples of ways birds are transported such as rice sacks (left) and 'kise' (right). 
 
2.3.2.4! Ventilation 
Ventilation in markets in Lombok was generally very good (i.e. fresh air circulates 
freely) due to the outdoor locations of most markets. In Bali, only two (22%) markets 
had good air circulation and three (33%) were rated poorly (i.e. air is stagnant and not 
circulating).  
2.3.2.5! Drainage and faucets 
The overall number of markets with adequate drainage systems (i.e. drains are present, 
relatively unclogged, mostly free from debris, appear to be in reasonable working 
condition, e.g. Figure 2.9) was relatively low (n = 4, 24%). No market in Lombok was 
found to have an adequate drainage system. Concrete drainage channels were present in 
five (56%) of the nine studied markets in Bali and most were in kept in a reasonable 
condition (i.e. free of debris). One exception was Amlapura market, where drains were 
fully clogged with rubbish and other debris (Figure 2.10). All drainage systems 
observed were uncovered. The availability of water faucets (with or without hoses) was 
also limited with three markets in each island found to have them. However, it is 
unknown whether they were in working condition. A summary of infrastructure 
attributes of LBMs for each island is provided in Table 2.3. 
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Figure 2.9 Examples of drainage systems deemed ‘adequate’. Photo on left taken from Beringkit 
market and on the right is Bale Agung. 
 
 
Figure 2.10 Examples of drainage systems deemed 'inadequate'. Photo on the left taken from 
Bertais market and on the right is Amlapura. 
2.3.2.6! Flooring 
The quality of flooring in each of the 17 markets was assessed (Table 2.2, definitions 
provided in footnotes). Overall, markets in Bali had better flooring than in Lombok. 
Markets with unsealed surfaces were all deemed to be in poor condition (Figure 2.11) 
due to their non-cleanable nature and this resulted in seven of eight (88%) markets in 
Lombok (all located on roadsides) scoring poorly and three of nine (33%) in Bali.   The 
majority of markets in Bali (n = 6) had sealed floors composed largely of concrete and 
were generally in fair condition (e.g. Figure 2.12). Both locations did however have at 
least one market with floors in good condition (e.g. Figure 2.13).  
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Figure 2.11 Example of poor quality flooring (i.e. unsealed, uneven and un-cleanable surface). 
 
Figure 2.12 Example of fair condition flooring (i.e. sealed, fairly even surface with few cracks). 
 
Figure 2.13 Example of flooring in good condition (i.e. sealed, level surface with very few minor 
cracks). 
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Table 2.3 Summary of floor composition and quality of markets in Bali and Lombok. 
Floor 
type 
Floor quality Total 
Poora Fairb Goodc 
Bali Lombok Bali Lombok Bali  Lombok Bali Lombok 
Unsealed 3d 7e 0 0 0 0 3 7 
Sealed 0 0 5f 0 1g 1h 6 1 
Total 3 7 5 0 1 1 9 8 
aFlooring that has the following attributes: fully or partially unsealed, uneven (water/fluids able to pool) 
with large cracks or holes, non-cleanable floors and requires vast improvement or complete restoration. 
b Flooring that has the following attributes: sealed, easily cleanable (e.g. concrete, tile etc.), relatively 
level surface; few cracks or holes and requires some improvement and restoration. 
c Flooring that has the following attributes: fully sealed, easily cleanable surface, level (so that no 
water/fluids can pool), reasonably free from cracks and holes and requires limited restoration and 
improvement. 
dMengwi, Amlapura and Galiran; eBertais, Gerung, Kebon Roek, Masbagik, Renteng and Tanjung; 
eSindu;  fAnyar, Beringkit, Kediri, Seririt and Umum; gBale Agung; hNarmada. 
 
2.3.2.7! Cage density 
Data was collected on the density of birdcages as this has a direct impact on bird 
proximity to each other and the possible spread of viruses. Due to the different cage 
sizes observed throughout LBMs in Bali and Lombok, it was difficult to determine a 
specific measure of cage density, for example by calculating the number of cages per 
square metre. Therefore, cage density was determined qualitatively by visual 
assessment and each market was allocated a score of high (i.e. cages occupied greater 
than 75% of floor space, e.g. Figure 2.14), medium (i.e. cages occupying 50 - 75% of 
floor space) or low (cages occupied less than 50% of floor space, e.g. Figure 2.15).  
 
Figure 2.14 Example of a market with a high cage density. 
Overall, cage density in markets was much higher in Bali (Table 2.2) with eight of nine 
markets (89%) categorised as ‘high’ and the remaining market with a medium density. 
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In contrast, the majority (n = 5, 63%) of markets in Lombok had a medium cage density 
and only one market with a high density. Only two (12%) of studied markets had low 
cage density.   
 
Figure 2.15 Example of market with low cage density. 
 
2.3.3! Biosecurity 
2.3.3.1! Segregation of birds 
Three markets (Beringkit, Amlapura and Tanjung) appeared to implement zoning to 
some degree by separating poultry from pet birds or fighting cocks, although no market 
was found to completely separate chickens and ducks (or other poultry species when 
present). Furthermore, mixing of poultry species in cages was also common, with at 
least eight markets (n = 4 in each island) found to have cages containing chickens and 
ducks (and occasionally geese). All but two markets (n = 15) were observed to house 
different poultry species in adjacent cages with little or no distance separating them 
(Figure 2.16 and Figure 2.17), meaning that direct bird-to-bird contact was still 
possible. Kebon Roek and Masbagik markets did not house different bird species in the 
same cage or in adjacent cages. However, chickens and ducks were sold in the same 
trading area. Other observations of mixed species in close proximity within a market 
include free-roaming animals such as chickens, ducks, geese, dogs and cats (Figure 
2.18) and birds nesting in the roof. This was observed at all 17 markets. 
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Figure 2.16 Chickens and ducks stored in adjacent cages. 
 
 
Figure 2.17 Stacked cages with no base. 
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Figure 2.18 Free-roaming birds in market. 
2.3.3.2! Stocking density 
Stocking density in cages varied with the number of birds sold and the type and size of 
the cages used. Traders selling larger numbers of poultry often housed 20 to 30 adult 
birds (or 50 to 60 ducklings) in large round cages (commonly bamboo) with a diameter 
of 60 to 100cm. Wooden cages with separate compartments (approximately 50 x 50cm 
per compartment) would normally hold 15 to 25 adult birds. When both these cage 
types were at maximum capacity, the birds were densely packed with little space to 
move. Markets in which the majority of cages were stocked at half to maximum 
capacity were defined as ‘high’ (Figure 2.19). This ‘high’ level of stocking density was 
very common in the majority (n = 6) of markets in Bali. When most cages were at less 
than half capacity (i.e. with enough space for birds to comfortably move about the cage) 
markets were classified as having a low stocking density (Figure 2.20). Although 
traders in Lombok used similar types of cages to those used in Bali, most traders 
typically used smaller cages (and less of them) compared to Bali traders, and overall 
cages in Lombok markets appeared to be less densely stocked. Fighting cocks and pet 
birds were housed singularly in fully enclosed cages (bamboo cages or small pouches 
made from banana leaves as shown in Figure 2.8). Stocking density classification for 
each studied market is provided in Table 2.4. 
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Figure 2.19 Examples of 'high' stocking density. 
 
 
Figure 2.20 Examples of 'low' stocking density. 
2.3.3.3! Overnight storage of poultry 
The temporary nature of most LBMs in Lombok meant that unsold poultry were 
generally removed at the end of the trading period. The two (22%) permanent markets, 
Sindu and Bertais, were the only markets in Lombok in which it was possible to store 
unsold poultry overnight. Although all markets in Bali were categorised as permanent, 
unsold poultry were also generally removed at the end of trading, with the exception of 
the two indoor markets, Anyar and Umum. In markets where it was possible to store 
birds overnight, birds were kept in the trading area in cages with padlocks attached. 
2.3.3.4! Slaughter on site 
Slaughtering services were not observed in any of the nine markets evaluated in Bali. 
However in Lombok five of the eight (63%) markets had slaughtering services available 
within the poultry selling area (usually surrounded by traders selling live poultry). 
Slaughtering was normally conducted by a small group of men (two to four at most) 
that appeared to provide this service as their business rather than by the traders, 
although traders were also seen to slaughter birds if requested by the customer, in 
Renteng market for example. In markets where more than one group was slaughtering 
birds, services were normally restricted to either chickens or ducks but rarely both. 
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Slaughtering services included cleaning, dressing and portioning of birds. Slaugthering 
utensils, such as knives, buckets and sometimes a chopping board, used during these 
activities were commonly not cleaned, nor was rinsing bucket water changed between 
slaughters. The entire slaughter area was usually covered in blood and feathers that 
were not washed away until the end of the day. Hand washing during slaughter, if 
conducted, consisted of a quick rinse in a smaller bucket of water containing dirty and 
bloody water.  
2.3.3.5! Market cleanliness  
In terms of cleanliness, markets in Lombok were in better condition than in Bali (Table 
2.4). Three (33%) Bali markets were found to be in a good condition, meaning they 
were relatively free of visible faecal material, feathers and other waste material, 
indicating they were cleaned on a daily basis. Markets deemed as being in poor 
condition, of which there were a total of five (29%), usually featured heavy 
accumulations of faecal material and feathers beneath cages and appeared to lack 
regular cleaning. Rudimentary sweeping (with a crude broom of straw) of the areas 
between cages, which were used as walkways, was observed at three markets. Assorted 
waste, including feathers, faecal material and general garbage, was often observed 
scattered in and around live bird trading areas. A footbath was present in a single 
market, however it was poorly positioned (Figure 2.21), meaning that it was easy for 
people to avoid stepping into it, and was barely used during the time of observation. 
Market cleanliness of each market is outlined in Table 2.4.  
 
 
Figure 2.21 Poorly positioned footbath (Galiran market). 
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2.3.3.6! Cage cleanliness  
Markets were also assessed on the overall condition of the cages present. If the majority 
of cages had large amounts of faecal material and looked as though they were rarely 
cleaned (or in some cases, never) markets were scored as ‘poor’. Markets where most 
cages had minimal faecal material and appeared to be cleaned daily or fairly regularly 
were scored as ‘good’ (Figure 2.22) and fair (Figure 2.23) was applied to markets where 
most cages had some faecal material present but looked as though they were cleaned 
occasionally.   
Scores for cage cleanliness for each of the 17 markets were identical to market 
cleanliness scores (Table 2.4). Thus, cages in Bali markets were generally in worse 
condition than in Lombok markets. Many cages appeared as though they had never been 
cleaned (e.g. Figure 2.24). This was particularly evident among wooden cages found in 
permanent markets. In contrast, cages observed in Lombok markets, which were mostly 
made of bamboo, were in better condition.  
 
Figure 2.22 Example of cage in ‘good’ condition. 
 
Figure 2.23 Examples of cages in ‘fair’ condition. 
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Figure 2.24 Example of a cage in 'poor' condition. 
2.3.3.7! Dead bird disposal 
Evidence of inadequate disposal of dead birds was seen in three markets in Bali 
(Galiran, Mengwi and Umum). Dead chickens or ducks were seen in drains (Figure 
2.25) on top and underneath cages containing live birds, on the ground next to live pigs, 
next to cages containing live birds and in one instance a dead chicken was observed in a 
cage with live birds (Figure 2.26) Additionally, poultry that appeared sick (i.e. prostrate, 
limp, ruffled feathers) were also seen in cages with healthy looking poultry in Galiran 
and Umum markets. 
 
 
Figure 2.25 Dead chicken discarded into drain canal. 
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Figure 2.26!Dead chicken left in a cage with live chicken and duck.
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2.3.4! Marketing 
2.3.4.1! Avian species and non-avian species sold 
A variety of bird types were sold at LBMs. Chickens and ducks were sold at all 
markets, with the exception of Tanjung, which was not found to sell any duck species. 
Kampung chickens, sold at all expect one market (Bale Agung) were the most common 
of the three types of chickens (Figure 2.27, Figure 2.28 & Figure 2.29) sold at LBMs. 
Broilers and spent layers were far more abundant in Bali, particularly broiler chickens 
(sold at n = 9 vs. 7 markets, respectively). Masbagik was the only market in Lombok 
found to sell these varieties of chickens. Although ducks (Figure 2.30) were ubiquitous 
in markets on both islands, Muscovy ducks (Figure 2.31) were more common in 
Lombok LBMs (sold at n = 7 vs. 4 markets, respectively). Recreational birds, i.e. 
fighting cocks and pet birds, were also sold in a greater number of markets in Lombok 
than in Bali (n = 8 vs. 4). The sale of fighting cocks appeared to have a very social 
aspect to it. Men often gathered in small groups or in a circle, smoking, talking and 
laughing. Bird owners were observed holding their cockerels facing each other, pushing 
and pulling them back and forth as if attempting to provoke an aggressive response. 
However no actual fighting between birds was observed. Other poultry species such as 
turkeys and geese were rare in Bali, with only two (22%) markets selling geese and 
none selling turkeys. Turkeys were also rare in Lombok (sold at n = 2 markets) but 
geese were sold at half (n =4) of the studied markets.  
 In terms of variety of bird types, Masbagik in Lombok was the only market that sold all 
nine identified categories. Beringkit and Galiran markets in Bali and Narmada in 
Lombok, also sold a large variety with eight (Beringkit) and seven (Galiran and 
Narmada) different types. Beringkit market also sold at least three non-avian animal 
species including cattle, dogs and rabbits. Other markets found to sell non-avian species 
included Galiran (swine), Bertais (rabbit), Renteng (goat) and Sindu (cattle and goat). 
Visual representation of the differences between Bali and Lombok in the types of birds 
observed at markets can be seen in Figure 2.32.  
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Figure 2.27 Kampung chickens. 
 
 
Figure 2.28 Broiler chickens. 
 
 
Figure 2.29 Spent layers. 
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Figure 2.30 Ducks. 
 
Figure 2.31 Muscovy ducks. 
 
Figure 2.32 Frequency histogram of bird types sold in LBMs in Bali and Lombok. 
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The following section summarises additional observations made during market visits. 
Findings are presented in a qualitative manner (i.e. were not included in the quantitative 
component of the study) and aims to provide further insight into marketing activities. 
2.3.4.2! Marketing behaviour 
Observations of poultry traders revealed differences in marketing behaviours between 
Bali and Lombok. The typical practice among Balinese traders was to transfer birds 
from transport cages to market cages (i.e. permanent cages, such as shown in left-hand 
photo in Figure 2.20) in a designated stall within the main trading area upon arrival 
(Figure 2.19 & Figure 2.20). However, it was not uncommon to observe poultry traders 
scattered throughout a market in walkways, car parks and on the outskirts of the poultry 
trading areas, selling birds from temporary cages (i.e. cages in which birds were 
transported to the market and likely to be owned by the trader). At a few of the larger 
markets in Bali, poultry were also sold directly from the back of larger transport 
vehicles in the car parks. Occasionally traders selling ducks did not use cages but rather 
kept ducks (with feet bound) on the ground. Birds were typically transported to the 
markets in cages attached to motorbikes that could hold approximately 100 birds 
(Figure 2.33). Small utility vehicles (with layered capacities to transport hundreds of 
birds, e.g. Figure 2.34) were also observed at the larger markets.!!
 
 
Figure 2.33 Example of transport cage attached to motorbike. 
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Figure 2.34 Small utility vehicle (‘pick-up’). 
 
The marketing behaviour of traders in Lombok was different in that they generally 
transported birds to markets by bicycle or motorbikes and sold poultry directly from a 
single cage (maximum of two) attached to the back of the bike (Figure 2.3). Small 
utility vehicles were rarely sighted, however an additional (although uncommon) form 
of transport observed in Lombok was the ‘cidomo’ (Figure 2.35). This ‘pushcart’ type 
of transport had a relatively small bird-holding capacity and was most likely used by 
traders living close to the market. 
 
 
Figure 2.35 Cidomo. 
  
Lombok traders also typically possessed a small number of poultry (5 to 20 birds) in 
comparison to Balinese traders and appeared to be buying and selling frequently 
between themselves (usually 1-5 birds), and often left the market with birds in their 
cages. These ‘mobile’ traders were also moving in and out of the markets rapidly often 
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staying less than an hour, creating a rather fluid and dynamic trading environment. 
Some mobile traders were also observed visiting more than one of the studied markets 
in the same day.  
Despite the differences in many marketing practices between traders in Bali and 
Lombok, the transaction process was almost identical on both islands. During 
transactions customers typically inspected the weight (by lifting the bird up and down), 
activity and alertness levels and certain physical features of chickens, such as the beak, 
comb, eyes, cloaca and under the wings (Figure 2.36). Once the poultry had been 
examined negotiations began which generally lasted for no longer than two to three 
minutes. Depending on the volume purchased, birds were either tied together (for small 
volumes, e.g. up to 5 birds) or placed in a cage. 
The use of personal protective equipment (such as gloves, mask, and boots) during 
slaughter (in Lombok), or in general activities (in all markets), was not observed, except 
on one occasion in Bali where a single trader wore leather gloves to move birds between 
the stall and transport cages. Traders were witnessed eating with bare hands at their 
stalls. Children, often accompanying adult traders, were also observed handling birds at 
a small number of markets. 
In addition, the sale of chicken carcasses, eggs and other poultry products was more 
common among LBMs in Bali, however they were rarely sold in close proximity to live 
birds. It was not uncommon to see markets across both islands selling pre-cooked food 
and drinks or occasionally a multitude of goods including fruit and vegetables, clothing, 
cigarettes, mobile phone accessories and health elixirs.  
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Figure 2.36 Pre-purchase health check of live poultry.
Checking)the)weight 
Inspecting)the)wings Inspecting)the)comb 
Inspecting)the)beak Inspecting)the)cloaca 
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2.4! Discussion 
2.4.1! Overview  
Poultry in Indonesia is traded through more than 13000 live bird markets (Patrick et al. 
2014). The documented isolation of a large variety of avian influenza viruses from 
numerous bird species and environmental samples at LBMs (Amonsin et al. 2008, 
Indriani et al. 2010, Lee et al. 2010) demonstrates the potential for poultry markets to 
act as reservoirs for a host of AIVs. Live bird markets also provide a major contact 
point between birds and people thus posing a public health risk (Samaan et al. 2011), 
particularly as LBMs have been linked to a number of human HPAI H5N1-related 
deaths (Van Kerkhove et al. 2011b, Wan et al. 2011). Markets are also a possible route 
of dissemination of AIVs to farms and backyard holdings through the movement of 
poultry, poultry by-products and fomites (Sims 2007). Therefore LBMs markets need to 
be a priority target for control and prevention activities to minimise the impact of HPAI 
to the poultry sector and the livelihoods of people who depend upon it and to minimise 
the public health risk.  
This study describes observations taken from field visits to 17 LBMs in Bali and 
Lombok. Data gathered provides information on basic infrastructure and practices 
within markets that may influence, either directly or indirectly, transmission of AIVs. 
Findings from this study revealed a number of distinguishing features at markets in Bali 
and Lombok that pose unique challenges to prevention of AI transmission and 
maintenance.  
2.4.2! Location 
Markets that lack firm boundaries, such as those situated along major roads or other 
open spaces, have greater difficulty in regulating incoming and outgoing movements of 
poultry compared to enclosed markets or those with gates, where control points can be 
placed. The risk of environmental contamination is also potentially high in roadside 
markets due to the increased amount of pedestrian and vehicle traffic moving through 
these locations. Markets located indoors such as those within traditional markets are 
also faced with issues, namely the poor ventilation and close proximity to other stalls. 
Poorly ventilated spaces place people and birds at a greater risk of exposure to AIVs 
through aerosols if birds are kept close together (WHO 2006b). The close proximity of 
some LBMs (e.g. those situated inside traditional markets) to stalls selling fresh or 
prepared food also potentially exposes nearby food to become contaminated (and 
humans to be exposed) with virus particles from the movement of feathers, dust and 
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manure particles when birds flap their wings about (Yamamoto et al. 2008, Yamamoto 
et al. 2010). Therefore, locating a market within such small confined spaces particularly 
in close proximity to fresh or prepared food should be avoided. 
2.4.3! Trading frequency 
More than half of all markets included in this study operate on a daily basis, most of 
which were located in Bali. Given that trading frequency has been shown to influence 
virus isolation rates in LBMs (Bulaga et al. 2003, Trock et al. 2008), markets in Bali 
may be at a greater risk of being infected with AIVs compared to Lombok. Results also 
revealed that markets trading on a daily basis scored poorly in terms of overall 
cleanliness and biosecurity compared to markets trading once or twice a week. Daily 
markets have a limited time in which they are empty of birds and thus there is less 
opportunity to thoroughly clean the market. Studies have demonstrated that introducing 
temporary market rest days, where the market is depopulated and thoroughly cleaned 
and disinfected, significantly reduced virus isolation rates (Kung et al. 2003, Mullaney 
2003, Lau et al. 2007, Fournié et al. 2011).  
2.4.4! Infrastructure 
The absence of designated bird delivery and drop off zones and the fact that HPAI 
H5N1 viruses have been isolated from LBM delivery zones elsewhere in Indonesia 
(Samaan et al. 2011) means that people entering and leaving the markets can spread 
virus between locations by mechanical transfer. The potential for this could be reduced 
in one of two ways. Firstly, by designating an entrance exclusively as a delivery and 
drop-off point (this would not be a feasible option for roadside markets or markets with 
a single entrance). A second option would be installing footbaths containing 
disinfectant at each entrance to the poultry-trading zone. In order for this approach to 
work, it would require the placement of the footbath in a location where avoidance (to 
step into it) would not be possible, unlike the poorly positioned footbath observed at 
Galiran market.  
Many markets evaluated in this study failed in terms of floor quality and drainage. 
Although floor surfaces and drainage systems were more favourable in Bali compared 
to Lombok, the conditions were far from ideal in 89% of markets. Lombok markets 
consisted mostly of unsealed floors and even markets in Bali with sealed floors were 
not always in good condition. Many showed signs of wear and tear with large cracks 
and holes. The condition of floors in markets is very important as it influences how 
effectively a market can be cleaned. Unsealed floors or floors in poor condition (i.e. 
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with cracks and holes in which contaminated faecal material and feathers may collect) 
are difficult to clean and disinfect effectively and are more likely to harbour AIVs than 
sealed floors in good condition (WHO 2006b). Market floors with smooth surfaces 
made of materials that are easily washable and free from cracks are therefore preferable. 
Equally important is a functional drainage system of which only four markets from this 
study were found to have. Level floors and a functional drainage system that is covered 
and where effluent flows away from the market are also important to prevent pooling of 
water on floor surfaces and overflow onto defined pathways (Poultry Industry of New 
Zealand 2007). Markets in Lombok were nearly all devoid of any drainage system 
because most were only temporary markets occupying the side of a main road or 
parking lot. Drainage in markets in Bali however could be improved relatively easily in 
comparison, as many had a drainage system, by removing the debris.  
2.4.5! Market and cage cleaning 
The general lack of cleaning observed in many markets in this study may be linked to 
the limited provisioning of running water, which is vital for carrying out cleaning and 
disinfection procedures and hand washing (WHO 2006b). To reduce viral load within a 
market, it is crucial to not only clean frequently and adequately, but also to disinfect on 
a regular basis (FAO 2008). However, proper cleaning of surfaces prior to disinfection 
is equally as important as the correct concentrations of disinfectants, which may be 
inactivated by the presence of large amounts of organic matter (FAO 2008).  
The same recommendations also apply to cleaning of cages (WHO 2006b), and is the 
reason why the use of bamboo or wooden cages, which are more difficult to clean than 
metal or plastic cages, as virus may be shielded by organic matter attached to cracked 
surfaces (Animal Health Australia 2008). The high usage of bamboo and wooden cages 
in all markets and the fact that cages in most markets looked as though they were not 
cleaned daily, means that there is a significant risk that traders could be unwittingly 
spreading AIVs to and from markets, farms and villages. This may be more of a 
problem in Lombok given the high mobility of its traders compared to Bali. 
Nevertheless, the issue of using difficult to clean cage materials such as bamboo and 
wood is present in both Bali and Lombok. By encouraging traders to switch to easily 
cleanable cage materials such as plastic and metal may help prevent the spread of 
viruses (WHO 2006b). 
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2.4.6! Biosecurity 
The level of biosecurity observed among markets in this study was overall very low. 
Birds were rarely separated into different zones, despite the fact that FAO and WHO 
recommendations stipulate the importance of separating avian species into different 
areas of the market (FAO 2004a, WHO 2006b). Susceptibility and disease presentation 
differs between species, with ducks and geese, which rarely show clinical signs of 
infection (with the exception of some of the more recent highly virulent Asian strains of 
H5N1), potentially transferring virus unknowingly to highly susceptible species such as 
chickens (Meers et al. 2013). For this reason ducks and geese are considered an 
important source of infection and should be housed and zoned apart from other poultry. 
In this study, different poultry species were often housed either together or in adjacent 
cages separated by a thin layer of wire netting, making it easy for direct bird-to-bird 
contact to occur. The high stocking and cage density found in many markets also 
increases the potential for contact to occur between animals. Furthermore, chickens, 
ducks, geese and pigeons were often roaming (or nesting in the case of pigeons) freely 
in a number of markets. Although pigeons have shown poor ability to transmit HPAIVs 
from bird-to-bird they may contribute to environmental contamination through viral 
shedding, which has been reported to last up to seven days (Boon et al. 2007). Build up 
of faecal material may also help to maintain virus, as larger frequent contamination may 
aid virus survival, by protecting against desiccation (Animal Health Australia 2008). 
The removal of unsold birds at the end of each trading day appeared to be the normal 
procedure throughout the most of the studied markets. Returning unsold poultry to 
farms or collector yards creates opportunities for unsold birds to mix with birds at the 
farm or village (Fournié et al. 2012). Holding birds in markets overnight also presents 
particular health risks to birds left in markets by increasing length of time to which 
birds may be exposed to AIVs. Ideally, all unsold birds should be slaughtered and sold 
to minimise the risk of transmission and spread (WHO 2006b).  
Inappropriate disposal of chicken carcasses was observed in a few markets in Bali 
suggesting poor management, including a lack of proper waste disposal bins into which 
dead birds can be discarded safely and guidelines on carcass disposal. Disposing of 
dead birds by discarding on the ground and in unapproved general waste bins risks 
contaminating the market environment (Garber et al. 2007) highlighting the necessity of 
appropriate solid waste in markets.  
Slaughtering birds within LBMs has been found to be associated with an increased 
presence of HPAI (Indriani et al. 2010) and poses a health hazard to both birds and 
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humans (Dinh et al. 2006, WHO 2006b). Many of the markets visited in Lombok had 
slaughtering services on offer in the main poultry selling areas and therefore in close 
proximity to poultry traders and customers, including small children. During the 
slaughtering process, aerosols of feces, feathers and other secretions are generated that 
can transmit the virus over short distances, potentially exposing susceptible poultry and 
humans to the virus and therefore it is recommended that this process be separated from 
trading areas and slaughter waste disposed of in a similar manner to bird carcasses 
(WHO 2006b, Samaan et al. 2011).  
2.4.7! Marketing 
The findings of this study also revealed several differences between Bali and Lombok 
in terms of the types of bird and animal species sold and other characteristics involved 
in the marketing of poultry. Overall, Lombok markets generally sold a larger variety of 
avian species, however Bali markets tended to sell more chicken species. Poultry 
production in Bali and Lombok is limited to Sector 3 small-scale commercial farms or 
Sector 4 backyard farms (the farming systems present on each island). The type of farm 
from which a bird originates depends on the type of bird. For example, spent layer hens 
and broilers generally come from commercial poultry farms, whilst kampung (i.e. 
village) chickens are reared in small backyard farms or flocks (Patrick et al. 2014). The 
ubiquity of broilers and spent layers in Bali’s LBMs suggests that a large volume of 
birds originates from S.3 commercial farms, which generally have slightly better 
biosecurity compared to S.4 farms (FAO 2011b), whereas the high prevalence of 
kampung chickens in Lombok markets indicates that backyard farms supply most of the 
poultry. Reports have suggested that when commercial farms in Indonesia suspect 
disease amongst their flocks, they attempt to dispose of the remaining birds by sending 
them to LBMs for quick sale to reduce losses (Morris et al. 2005). If this is true it may, 
at least partially, explain why HPAI H5N1 has persisted in Bali since the first outbreaks 
reported in 2003, despite ongoing efforts to curb the virus. Furthermore, village 
chickens (i.e. kampung) are believed to be more resistant to disease, due to a greater 
genetic diversity, than commercially produced chicken species, which have been 
purposely bred for meat or eggs (Simmons 2006b). 
Fighting cocks were also commonly sold in the LBMs visited in this study. Despite the 
fact that cock fighting plays a significant role in Balinese culture (Mastika 2007), 
fighting cocks were much more common in Lombok where nearly all markets were 
observed to sell them. The high prevalence of fighting cocks and the observation of 
owner behaviour, (e.g. gathering together and enticing aggressive behaviour of the 
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birds) suggests that the practice is still very much part of the local culture in Lombok, 
despite being illegal (Millar et al. 2015). Isolation of H5N1 HPAI from fighting cocks 
has been reported in previous studies (Naysmith 2014), thus demonstrating their 
potential to serve as an additional route of virus entry into the market. Furthermore, the 
practice of fighting cock owners sucking mucus out of the nostrils of birds places them 
at risk of virus exposure through potentially contaminated nares and feathers thus 
increasing the risk of bird-to-human HPAI transmission (Gerber 2006). 
Non-avian species observed in markets included cattle, pigs, rabbits, dogs and goats. 
Pigs have been postulated to be potential “mixing vessels”, facilitating recombination of 
bird and human AI strains, and therefore, the presence of these animals in Galiran and 
Kediri markets is of particular concern, especially as they were kept in close proximity 
to birds. Fortunately, this was the exception rather than the norm. However, relocating 
the swine to a separate trading area would be advisable. No pigs were observed in 
Lombok’s markets, most likely due to religious reasons given that the consumption of 
pork is prohibited in Islam (Shamsi 1999).  
Perhaps one of the most striking differences between LBMs in Bali and Lombok was 
the overall dynamic of markets during trading. Poultry markets in Bali were permanent 
fixtures and trading moved at a relatively slow and steady pace with traders generally 
remaining at the market until they have sold all or most of their stock. Markets in 
Lombok were almost in complete contrast. The pace at which they moved appeared 
faster with traders, on their bicycles and motorbikes, entering and leaving markets much 
more frequently as they bought and sold birds in relatively small quantities and moved 
from one market to the next. Poultry traders in Lombok also interacted (in terms of 
buying and selling birds) between their peers more than Bali traders. This fast-paced 
trading behaviour creates a highly dynamic, yet extremely sociable environment in 
markets in Lombok. However, this also represents a greater risk of disease spread due 
to the higher number of movement events (which is analysed further in Chapter 5). 
One positive finding, fairly common in both Bali and Lombok, was the physical health 
checks of birds carried out by customers. This suggests that customers may have some 
awareness of the clinical signs of disease, or know what features should be present in 
healthy birds, and that in general they wish to purchase healthy birds.  
 
2.4.8! Markets 
The findings of this study indicate the conditions of markets were generally more 
favourable in Lombok, despite the temporary nature of most of its markets. Tanjung 
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was relatively small, had low cage density and a reasonable degree of zoning. It also 
had running water. However, like most markets in Lombok, it had poor infrastructure. 
In that respect, Bali markets were better. Of the 17 markets, Bale Agung and Beringkit 
would only need modest improvements to turn them into good examples of healthy 
food markets. Both markets have good infrastructure such as access to tapped water, 
good condition floors (i.e. sealed, level and only minor cracks), well ventilated and the 
drainage systems were in good working condition. Bale Agung has two trading 
platforms located in the market area, which would enable chickens and ducks to be 
easily separated into distinct areas. It is also located slightly back from the main road 
and could easily accommodate gates at the two entrances and a designated delivery 
zone could be created at one entrance. Beringkit has a gate at the main entrance to the 
whole market, which could also be used as a check point for bird inspections and 
vehicle disinfection. However, it should be noted that none of the 17 markets included 
in this study were what one could consider ideal and most markets would need a lot 
more work than Bale Agung and Beringkit markets in order to improve the risk of 
disease transmission and spread.  
Conditions in Mengwi (Bali) and Bertais (Lombok) markets were least favourable 
overall and would most likely need the greatest number of modifications to 
infrastructure, market hygiene and biosecurity. Not only did these markets lack basic 
infrastructure but they were also in poor condition in terms of cleanliness with a large 
build up of manure in cages and on the floors suggesting cleaning had not been 
conducted in quite some time. Based on the visible condition of these markets, their 
potential to harbour AIVs would likely be greater than most other markets.  
Many of the features of markets described in this study were found to align with other 
studies of LBMs in Indonesia. Samaan et al. (Samaan et al. 2011) also reported limited 
access to tapped water sources, open and often inadequate drainages systems, a high 
proportion of markets (50%) that were not clean, housing mixed species together, high 
stocking density in cages and limited use of PPE by traders. One major difference 
between the two studies was the number of markets in which unsold birds were stored 
overnight (or even longer). More than 70% of markets surveyed by Samaan et al. stored 
birds overnight, whereas in the current only two markets (12%) were found to do so. 
Other studies (Garber et al. 2007, Kirunda et al. 2014) have also reported poor 
infrastructure and biosecurity in markets, which emphasises the importance of targeting 
LBMs in the fight against HPAI. 
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2.4.9! Limitations 
Studies utilising sociological research approaches, such as observation of human 
behaviours, are gaining popularity in veterinary and medical sciences due to the ability 
of such methods to capture valuable information on the impact of human activities on 
disease transmission (Cohen et al. 2007). Whilst these approaches have allowed for the 
identification and description of important aspects of LBM infrastructure, biosecurity 
and trading practices, there are a number of limitations to the study. The non-participant 
observational method (i.e. the researcher does not interact with the subjects) employed 
in this study allows for an “outsider” perspective of the research subject (Sarantakos 
1993) however it also means that certain potentially important information may not be 
collected. For example, information on market management in regard to waste disposal 
cleaning and disinfection practices was not collected in this study, which could have 
been obtained by interviewing market managers. However, the findings did indicate 
that for the majority of markets, there were very limited or infrequent cleaning practices 
being undertaken. Another very important limitation of this study was the relatively 
small number of markets included in this study. A larger study may have identified 
further important behaviours and risk factors and enabled statistical measures to be 
applied. However, the primary objective of this study was to provide background 
information on infrastructure, biosecurity and marketing behaviour of traders at each of 
the 17 markets, which were necessary for subsequent studies outlined in the following 
chapters.  
This study did not collect information on bird volumes as this was collected from the 
survey (outlined in Chapter 3). It is also important to highlight the fact that in a small 
number of markets (mostly from Lombok), data was collected from a single point in 
time. Therefore, it is possible that the day on which data collection occurred was not an 
accurate representation of the ‘normal’ state of a given market in terms of cleanliness or 
activities. However, repeat visits to the majority of markets for other purposes, such as 
interviewing actors (to be presented in the following chapters), did not reveal major 
differences in the bird and animal species present nor the practices previously observed. 
The primary objective of this study was to provide a detailed description of each of the 
17 markets selected for the survey outlined in the following chapter. Based on this, it is 
not unreasonable to believe that the data presented here provides a realistic account of 
the general state of LBMs in Bali and Lombok. The findings of the study demonstrate a 
need to further investigate patterns in trading behaviour to better understand how 
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authorities can improve biosecurity and reduce the risk of virus transmission to birds 
and people. 
2.4.10! Conclusion 
In conclusion, this study has demonstrated that the majority of studied markets in Bali 
and Lombok are in poor condition with very limited, if any, biosecurity implemented. 
Conditions differed between markets, particularly in Bali. Many markets were shown to 
lack the basic infrastructure required to carry out necessary cleaning and disinfection 
measures and require, in some cases, major modifications to improve their overall 
condition, particularly in Lombok. A number of deficiencies among LBMs that may 
encourage the persistence and transmission of AIV were also revealed. In addition, the 
findings also revealed that poultry trading in Lombok markets are places of high bird 
trading activity, in terms of frequency of sales, compared to in Bali. Markets are used 
for social gatherings and networking as much as for poultry trading, particularly in 
Lombok and among fighting cockerel traders. Such high levels of social interaction 
may assist in the diffusion of virus but also HPAI and biosecurity related information. 
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Chapter 3:!Marketing and management of live poultry 
in Bali and Lombok 
3.1! Introduction  
Field observations outlined in the previous chapter provided valuable data on the 
infrastructure, condition and level of biosecurity at each of the 17 studied markets 
highlighting several deficiencies that may contribute to the ongoing persistence and 
circulation of AIVs in markets. A number of markets were identified that would benefit 
from targeted efforts to improve biosecurity. Identifying key markets for targeted 
surveillance or intervention activities also requires information on the movement, 
marketing and management practices of poultry traders to better understand the drivers 
and trends in the trade of live poultry. Although the number of epidemiological studies 
investigating live bird markets has increased in recent years, information on the 
marketing of poultry through live bird markets in Indonesia is limited, particularly in 
Bali and Lombok.   
Several factors have been identified that facilitate the transmission and spread of avian 
influenza viruses including high risk farming and husbandry practices, movements of 
live birds, particularly in contaminated vehicles and cages, and lack of biosecurity in 
live bird markets (Morris et al. 2005). Live bird markets provide ideal environments for 
effective virus exchange due to the combination of a continuous flow of large volumes 
of various species of birds sourced from multiple suppliers and hazardous management 
practices such as housing different bird species together and selling sick or dead birds 
(Sims 2007, Cardona et al. 2009, Abdelwhab et al. 2010, Lee et al. 2010, Phan et al. 
2012). The role of poultry traders is therefore critical in improving biosecurity in 
markets and reducing the risk of bird-to-bird transmission of HPAI and spread of virus 
to farms and other markets.  
Poultry traders are also at risk of contracting avian influenza due to close, frequent and 
prolonged exposure to potentially infected birds (MacMahon et al. 2008). Handling 
poultry without proper personal protective equipment and in the absence of adequate 
hygiene and sanitation measures increases the likelihood of bird-to-human transmission, 
particularly during slaughtering where exposure to blood and other bodily fluids is 
highest (WHO 2005b).  
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The objective of this study was to determine trends and drivers in the marketing, 
management and movement of live poultry sold at each of the 17 selected live bird 
markets in Bali and Lombok. This study also aimed to identify high risk practices of 
live poultry traders that may contribute to the persistence and dissemination of AIVs in 
LBMs. Information derived from this study can be used to inform policies and assist 
authorities to educate and encourage poultry traders to adopt more appropriate 
biosecurity practices. 
3.2! Materials and methods 
3.2.1! Definitions 
Collectors (i.e. wholesalers) are responsible for the collection of chickens and ducks 
from all sectors of the poultry industry and for transporting them to markets to sell to 
vendors or directly to customers. The collector will either pick up poultry from farms on 
the way to a live-bird market or will house birds for a period of time at a central village 
collection area after they have been picked up or after they have been delivered to that 
point by a farmer.  
Customers are individuals who purchase live birds from live bird markets 
predominantly for the purpose of consumption (home or restaurants), ceremonies, to 
keep as pets or to replenish their backyard flocks. Customers are generally considered as 
‘end-users’. 
Vendors (i.e. retailers) are defined as traders who primarily sell live poultry directly to 
customers at the market from temporary or permanent stalls. 
3.2.2! Study location 
The cross-sectional study was conducted at each of the 17 LMBs (also referred to as 
sites or markets) located in Bali and Lombok (also referred to as location) outlined in 
Chapter 2. 
3.2.3! Study population 
Study participants consisted of individuals who were selling live poultry at one of the 
17 markets on the day interviews were being conducted, were available to be 
interviewed on the day of the visit and who agreed to be interviewed. Respondents were 
classified either as customer, vendor or collector based on the individual’s role in the 
market (see above).  
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3.2.4! Data collection  
A semi-structured questionnaire was developed for each of the three categories of 
respondents. The vendor and collector (collectively referred to as ‘poultry traders’ or 
‘traders’) questionnaires consisted of 8 sections and a total of 54 and 49 questions, 
respectively, and the customer questionnaire consisted of 5 sections and a total of 28 
questions. The final versions of the vendor and customer questionnaires are attached in 
Appendix A (collector questionnaire was identical to the vendor questionnaire except 
for the term ‘collect’, which was used in addition to ‘sell’ in the collector version). 
Questionnaires included a combination of structured, semi-structured and open-ended 
questions.  
Poultry traders were asked to provide details on:  
•! origin of birds they were selling  
•! bird transportation;  
•! bird management and husbandry practices (including biosecurity);  
•! marketing practices and;  
•! slaughtering activities.  
Customers were asked to provide details on:  
•! the number, species and purpose of birds purchased that day; 
•! transportation of birds from markets (e.g. mode of transportation and 
destination) and; 
•! bird management and husbandry practices.  
Additionally, respondents were requested to provide basic background details such as 
age, education, religion and primary occupation to identify possible trends in trading 
practices based on background status.  
The questionnaires were designed in English and translated into Bahasa Indonesia. Two 
local teams, from Udayana University (Bali) and Mataram University (Lombok), 
conducted the translation to ensure any differences in local dialects were accounted for. 
A committee meeting was held between the investigator and the team members to 
clarify the concepts, wording and administration of each question. After translation, two 
copies of each questionnaire were piloted at a single market on both islands. The 
answers were then back translated into English and questionnaires were modified by the 
researcher as necessary, to rectify any observed issues.  
Questionnaires were administered at the markets using face-to-face interviews by two 
local teams of experienced enumerators from the Faculty of Agriculture, Udayana 
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University, Bali and the Research Centre for Rural Development, University of 
Mataram, Lombok. These non-government affiliated enumerators were selected to 
conduct interviews due to concerns that respondents might be intimidated by 
government personnel and thus less willing to provide truthful responses, such as 
answering questions pertaining to illegal activities. Interviewers were instructed to enter 
markets and randomly approach traders for interviews (i.e. respondents were not pre-
selected). Interviewers read the questions to respondents and recorded responses on the 
questionnaire. Respondents were free to speak at length for open-ended questions. A 
total of three rounds of interviews were conducted between May 2008 and February 
2009, with each interview lasting approximately 60 minutes. Follow-up interviews were 
not conducted, however during the course of the interview process 63 respondents were 
unintentionally interviewed twice, in which case data from both interviews was 
combined (or averaged for numerical data) to create single entries for each question per 
respondent. Numbers of respondents interviewed during each round of data collection 
are provided in Appendix C. 
Upon completion of the first round of interviews, the investigator and local teams 
discussed preliminary findings and issues or concerns experienced during the interviews 
(or data entry). After consideration, questionnaires were revised by the researcher, to  
include additional questions where gaps in data existed (including estimates of average 
numbers of vendors, collectors and customers per day; provided in Appendix D), and to 
reword some questions.  
During the course of the first two rounds of data collection, it became evident that the 
number of collectors and the time they spent in markets was minimal compared to 
vendors. Interviewers (particularly in Bali) also mentioned having difficulty in finding 
collectors that had not already been interviewed. In the final round of interviews 
vendors were exclusively targeted to maintain the focus of the study on the marketing 
activities occurring at live bird markets. 
Upon completion of interviews respondents were compensated for their time. This 
consisted of a monetary gift of 50,000IDR (approximately AUD5) for respondents in 
Bali and a t-shirt with an avian influenza awareness message for respondents in 
Lombok. Respondents were not informed prior to the interview that compensation or a 
gift would be provided to limit the possibility of bias regarding participation and 
responses. 
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3.2.5! Data analysis 
Data were translated to English and entered into a relational database (Microsoft Office 
Access 2007). Prior to analysis, respondents were further categorized based on the type 
of poultry sold (i.e. chickens, ducks or both) and on the volume of poultry sold per day - 
hobby (≤ 34 birds), small (35 – 89), medium (90 – 214) or large (≥215). Trader size 
categories were created using quartiles of the total volume of poultry sold the previous 
trading day as reported by each respondent.  
Due to the small number of respondents with post-secondary school (i.e. college or 
university) education (n = 9, all from Bali), college, university and senior high school 
educated respondents were grouped together for analytical purposes.  
Statistical analyses were conducted in R version 2.13.0 (R Core Team 2015). 
Categorical data was analyzed using Pearson’s chi-squared (χ2) test. In cases where cell 
counts were very small, Pearson’s χ2 test with simulated p-value (based on 2000 
replicates) was used. Continuous data was analyzed using the Spearman’s rho test. 
Comparisons of two-level categorical and interval continuous data were analyzed using 
the t-test and where categorical data consisted of more than two levels, ANOVA was 
used. Post-hoc analysis of ANOVA results were assessed using the Tukey HSD test. A 
confidence interval of 95% was used as the measure of statistical significance in all 
analyses. In rare cases response numbers for were too low, either due to interviewer 
error or some other unidentified reason, to conduct descriptive or statistical analyses and 
were therefore omitted. 
Simple and multiple linear regressions were used to determine whether socio-
demographic factors or trader characteristics were associated with trader practices. Prior 
to regression analyses traders were assessed and subsequently scored on a total of 19 
different variables selected from the survey that have followed recommended practices 
(or unadvised practices) set out by the OIE, FAO or WHO. For each question (i.e. 
variable) traders were scored either a 0 or 1 depending on whether they reported 
following the recommended practice or not. For every ‘good’ or positive practice a 
score of 1 would be given or a 0 if the less desirable practice was reported. For example, 
‘Does the trader raise or keep birds at their home’. If the respondent had reported having 
birds at home then he or she would be given a score of 0 and if not then a score of 1 
would be applied. A complete list of the variables included in the scoring system is 
provided in Appendix B. Linear regressions were performed using R version 2.13.0 (R 
Core Team 2015). Odds ratios were calculated for the effects of socio-demographic 
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factors or trader characteristics on scores. A confidence interval of 95% and p-values 
were used as measures of statistical significance in all models. 
 
3.3! Results 
3.3.1! Respondents numbers 
A total of 610 questionnaires were administered by interview at 17 markets in Bali and 
Lombok over three occasions during the period May 2008 to February 2009. Sixty-three 
participants interviewed in the first round were interviewed a second time during round 
two. Therefore the total number of unique respondents (termed ‘respondents’ from this 
point forward) from which data was derived and analysed was 547. A total of 413 
traders and 134 customers participated in this study. The majority of traders present in 
markets were vendors and therefore represent the bulk of all respondents. Refusal rate 
was zero. The total number of respondents interviewed at each site in Bali and Lombok 
are provided in Table 3.1 and Table 3.2, respectively. Respondent numbers interviewed 
at each site during each of the three rounds of data collection are provided in Appendix 
C. 
Table 3.1 The total number of respondents interviewed at each market in Bali during the period 
May 2008 to February 2009.  
Market Number of respondents 
Vendors  Collectors  Customers  Totala (% 
of total) 
Amaplura 23  8  8  39 (16%) 
Anyar 10  4  4  18 (7%) 
Bale Agung 12  4  8  24 (10%) 
Beringkit 26  7  8  41 (17%) 
Galiran 22  6  8  36 (15%) 
Kediri 12  4  4  20 (8%) 
Mengwi 14  7  4  25 (10%) 
Seririt 25  4  4  33 (13%) 
Umum 6  1  4  11 (4%) 
Totala (% of 
total) 
150 (61%) 45 (18%) 52 (21%) 247  
aPercentage of the total number of respondents interviewed in Bali (n = 247). 
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Table 3.2 The total number of respondents interviewed at each market in Lombok during the 
period May 2008 to February 2009. 
Market Number of respondents 
Vendors Collectors Customers Totala (% 
of total) 
Bertais 5  6  7  18 (6%) 
Gerung 24  6  16  46 (15%) 
Kebon Roek 11  2  9  22 (7%) 
Masbagik 18  7  10  35 (12%) 
Narmada 29  10  13  52 (17%) 
Renteng  37  17 13  67 (22%) 
Sindu 22  7  8  37 (12%) 
Tanjung 11  6  6  23 (8%) 
Totalb (% of 
total) 
157 (52%) 61 (20%) 82 (27%) 300 
aPercentage of the total number of respondents interviewed in Lombok (n = 300). 
3.3.2! Respondent background 
3.3.2.1! Socio-demographic profiles 
Females represented only a small proportion (15%) of all respondents and two thirds of 
females (n = 60) were from Bali. Although ages of respondents varied widely (19 – 81), 
mean age was similar among all respondent categories (Table 3.3). In contrast, there 
were significant differences in the education levels between respondent categories. In 
Bali, collectors and customers were better educated than vendors. In Lombok, traders, 
of whom only 12% had completed senior school, were less educated than customers. 
Overall, education levels of respondents from Bali were better than those of respondents 
from Lombok. One-way analysis of variance demonstrated that education and age were 
negatively associated (F3,409 = 50.9, p>.001). Post-hoc analysis revealed that mean age 
of traders who had completed junior (Mean = 39.7 years) or senior school (Mean = 
35.7) was significantly lower than uneducated traders (Mean age = 50.8 years, p>.001). 
Religious status of respondents also differed between locations reflecting the dominant 
religion in each location, i.e. Hindu in Bali and Islam in Lombok. 
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Figure 3.1 Occupation categories of customers interviewed at each of the 17 live bird markets in 
Bali and Lombok. Other: student, restaurant employee, resource sector employee and fisherman. 
The majority (96%, n = 397) of traders interviewed traded poultry as their primary 
occupation and had extensive experience in poultry trading (Mean = 15 years, range <1-
50), although experience (i.e. number of years respondent had been selling poultry at 
surveyed market) varied widely from less than one year to a maximum of 50 years 
(Table 3.3). All collectors interviewed in Lombok collected poultry as their primary 
occupation. The remaining 4% of traders that were not trading poultry as their main 
occupation, consisted mostly of farmers (n = 12), but also included a breeder, chicken 
slaughterer, hotel employee and a police officer. Occupations of customers also varied 
widely (Figure 3.1), although farmers represented approximately 20% of the customer 
base in both locations. In general the professional background of interviewed customers 
were similar between Bali and Lombok. Of the 134 customers interviewed, only seven 
(5%) reported working in the poultry industry.  
There was little difference in the socio-demographic profiles of respondents categorised 
by poultry species, with the exception of duck traders, who had slightly more 
experience than traders selling chickens or traders selling both species (Table 3.4). In 
contrast, several significant differences were found in the socio-demographic profiles of 
traders categorised by volume of poultry sold, most notably between large and hobby-
sized traders. Large traders were on average slightly younger (mean = 43.4, range = 20-
74) and better educated (35% senior schooling or higher) than other trader size 
categories. There were also significantly more large traders in Bali than in Lombok (n = 
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78 vs. 26, p<.001), where 34% of traders where categorized as ‘hobby’ (i.e. selling less 
than 35 birds). Large traders also had the highest proportion of female respondents 
(17%, n = 18). Differences in demographic profiles of traders based on the type of 
poultry species and volume of poultry sold are outlined in Table 3.4. 
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3.3.2.2! Avian species raised at home or backyard farm 
Nearly 40% (n = 157) of all traders kept or reared birds at their home or backyard farm 
at the time of the interview. Raising birds at home was twice as common among 
Balinese traders than Lombok traders (n = 105 vs. 52, p<.001). Nearly two thirds (64%) 
of traders reared kampung (village) chickens. Layers and broilers were exclusively 
raised by vendors, although broilers only in Bali. Fighting cocks were more common 
among traders in Bali, where 16% (n = 11) of collectors and 7% (n = 10) of vendors in 
Bali raised fighting cocks compared to 1% (n = 2) of vendors and 2% (n = 1) of 
collectors in Lombok. A total of 16 (15%) Balinese traders also reported raising a 
variety of other bird types including songbirds (n = 7), geese (n = 3) and quails (n = 1). 
A single trader in Lombok reported raising pigeons. In addition, five (5%) traders from 
Bali and one (2%) from Lombok also reported raising other bird types but gave no 
further details. Differences in the type and number of birds raised by traders between 
locations were significant (p = 0.001). Types of birds raised by vendors and collectors 
in each location are shown in Figure 3.2. 
 
 
Figure 3.2 Avian species kept at home (or farm) by traders interviewed in Bali and Lombok live 
bird markets. Horizontal bars represent the proportion of traders that reported keeping a given 
bird type at their home or backyard farm. Other: songbirds, pigeons, geese, quail and unspecified 
species; BV: Bali vendors; BC: Bali collectors; LV: Lombok vendors; LC: Lombok collectors. 
The volume and purpose of birds kept by traders varied widely, depending largely on 
the species. Birds kept primarily for commercial purposes included broilers (100%, n = 
15), layers (100%, n = 8) and ducks (79%, 44/56), all of which were raised in large 
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numbers (Table 3.5) compared to kampung chickens. However, kampung chickens were 
kept for a greater variety of reasons than other bird types (Table 3.5 and Figure 3.3). 
Geese, quail, songbirds and fighting cocks were primarily kept as pets (69%, 24/35 
traders) and in small quantities (mean values ranging between 2 and 6 birds). In Bali, 
geese (50%, 1/2), fighting cocks (5%, 1/21), ducks (5%, 2/38) and kampung chickens 
(13%, 8/63) were also kept for ceremonial purposes. Of the 24 traders that owned 
fighting cocks, 67% (n =16, all from Bali) admitted to entering them into competition at 
frequencies ranging from twice a year to everyday. Vendors and collectors in each 
location raised kampung chickens in similar numbers. However, collectors more often 
raised ducks in larger numbers than vendors (Table 3.5), although differences were only 
significant for Bali (p = 0.045).  
 
Table 3.5 Median volume of chickens and ducks reared at home or backyard farm by traders 
interviewed in Bali and Lombok live bird markets. 
Bird type Mean (range) volume of poultry 
Bali Lombok 
Vendors Collectors p-value Vendors Collectors p-value 
Broiler 960.0 
(10-6000) 
0 n/a 0 0 n/a 
Kampung 33.6 
(2-500) 
37.5 
(5-200) 
0.826a 17.5 
(1-100) 
17.6 
(5-40) 
0.990b 
Layer 185.0 
(50-500) 
0 n/a 212.5 (100 
– 325) 
0 n/a 
Duck 120.0 
(3-500) 
461.7 
(5-1000) 
0.045c 39.9 
(5-100) 
417.0 
(13-1500) 
0.373d 
aT-test (t = 0.22, df = 25, p-value = 0.826) 
bT-test (t = 0.0, df = 25, p-value = 0.990) 
cT-test (t = 2.34, df = 9, p-value = 0.045) 
dT-test (t = 1.04, df = 3, p-value = 0.373) 
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Figure 3.3 Purpose of birds raised at the home or backyard farm of traders interviewed at markets 
in Bali and Lombok. Horizontal bars represent the proportion of traders that reported keeping a 
given bird type for a specified purpose. 
 
3.3.2.3! Poultry manure and waste disposal practises at home 
Manure and waste disposal methods were reported by 150 of the 157 (96%) traders that 
kept birds at their home or backyard farm. Balinese traders were more likely to bury, 
compost or spread manure onto fields whereas traders in Lombok were far less inclined 
to take action and those that did would do so by discarding into rivers or spread onto 
fields. Manure disposal methods reported by traders are shown in Figure 3.4.  
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Figure 3.4 Manure disposal methods reported by n = 150 traders raising birds at home or on 
backyard farms. Asterix (*) refers to places where traders reported discarding manure. 
3.3.2.4! Bird deaths at home 
Of the 105 traders in Bali that kept or reared birds at home, 20 (19%) had experienced 
sudden bird deaths among chickens and three (3%) had sudden deaths of ducks in the 
previous year. Only two of 52 traders (4%) in Lombok reported sudden deaths in 
chickens and no traders reported sudden duck deaths.  
Forty-six of the 157 traders (29%) provided details on all bird deaths that had occurred 
among their flocks at home in the previous month. The number of deaths reported in 
Bali included an average of 27.0 (range: 1 - 400) chickens (n = 22), 21.1 (range: 2 - 
100) ducks (n = 8) and 3.0 (range: 2 - 4) fighting cocks (n = 2). One trader also had a 
total of 10 deaths in an unspecified bird type. Four vendors in Lombok reported deaths 
in chickens the previous month with an average of 8.0 (range: 4 - 10).  
 
3.3.2.5! Non-avian species kept at home 
In addition to birds, half (n = 97) of all traders interviewed in Bali and 3% (n = 7) in 
Lombok also kept non-avian animal species at home. Differences between locations in 
numbers of traders who have animals at home were significant (p<.001). Animals 
included cattle (n = 35 traders), pigs (n = 64), goats (n = 5) and rabbits (n = 3), as well 
as cats (n = 15) and dogs (n = 52).  
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3.3.3! Sourcing birds 
3.3.3.1! Origins of birds sold 
Of the 413 traders interviewed 391 (95%) owned the birds they were selling and the 
remaining 22 were selling birds on behalf of someone else, although they did not 
specify for who. Bird ownership rates did not differ significantly between vendors and 
collectors (p>0.05) or between Bali and Lombok traders (p>0.05).  
Birds sold at markets were procured from a wide variety of sources as indicated in 
Figure 3.5, although most traders (65%) purchased birds from other traders. In Lombok, 
many traders also sourced birds from other live bird markets but few from commercial 
farms or their own backyard farms compared to Bali traders. Collectors interviewed in 
Bali did not appear to favour one source over another compared to Balinese vendors or 
Lombok traders. However collectors overall did collect birds from a greater number of 
sources than vendors (Mean = 2.0 vs. 1.7; t = 2.98, df = 140.88 p = 0.003). The 
maximum number of different sources reported by any single respondent was slightly 
higher among Bali traders than Lombok traders (6 vs. 4), although there were no 
significant differences in the mean (Mean = 1.7 vs. 1.8; t = -0.97, df = 367.24, p = 
0.332).  
Of the 413 traders interviewed only one vendor from each island admitted to sourcing 
birds from other islands. The Balinese vendor had purchased chickens from Java 
because they were cheaper and larger than birds available in Bali. The vendor from 
Lombok admitted to occasionally importing fighting cocks from other islands, although 
no reason was provided.  
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Figure 3.5 Sources of poultry reported by traders interviewed in Bali and Lombok. Other: 
unspecified sources and a single respondent who had purchased poultry from a farmer that 
brought the birds to the market. BV: Bali vendors; BC: Bali collectors; LV: Lombok vendors; LC: 
Lombok collectors.  
3.3.3.2! Bird health checks  
Respondents across all categories were asked through an open-ended question whether 
they took any action to ensure birds sold or purchased were free from disease. Overall, 
the responses indicated a strong desire to buy healthy birds with all 413 traders, as well 
as 90% (n = 47) of customers interviewed in Bali and 74% (n = 61) in Lombok (p = 
0.037 for difference between Bali and Lombok customers), taking measures to ensure 
birds were disease free (Table 3.6). Several (n = 10, 2%) respondents relied on good 
faith that the trader (or other supplier) would not knowingly sell sick or diseased birds. 
Buying or selling birds that were either vaccinated or with a health certificate were rare 
(n = 4, < 1%). Many respondents (n = 134, 24%), especially customers interviewed in 
Lombok (n = 41, 50%), simply stated that they “check birds” or “know healthy birds 
from sick birds” or look for birds with a “fresh looking face”. However the vast 
majority of respondents (n = 368/547, 67%) provided a certain level of detail in terms of 
the features they assess or attribute to “healthy” birds (Table 3.6). The most common 
features assessed across all respondent categories were activity levels (n = 152/368, 
41%, Table 3.7) and the condition of the nares and beak (n = 50, 14%, see Table 3.7). 
Bali respondents also looked for birds with a “good appetite” (n = 79, 38%) or “clear 
eyes” (n = 52, 25%) and a few respondents also used “strength of voice” (n = 9, 4%) as 
an indicator of bird health (Table 3.7). In contrast, traders in Lombok frequently 
reported examining the comb, wattles, wings, faeces and cloaca. Lombok respondents 
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also generally provided greater detail of their examination procedure such as describing 
colour (i.e. redness or black marks), presence of swelling and the rigidity of combs and 
wattles (Table 3.7). 
  
Table 3.6 Actions taken by respondents to ensure birds sold or purchased are disease-free. 
Responses Number (%) of respondents 
Bali Lombok Total 
(n=547) Vendors 
(n=150) 
Collectors 
(n=45) 
Customers 
(n=52) 
Vendors 
(n=157) 
Collectors 
(n=61) 
Customers 
(n=82) 
Trust trader 0 0 1 (1.9) 1 (0.6) 2 (3.3) 6 (7.3) 10 (18.3) 
Buy vaccinated 
birds 
2 (1.3) 0 0 0 0 0 2 (0.4) 
Health 
certificate 
1 (0.7) 1 (2.2) 0 0 0 0 2 (0.4) 
Physical 
examination- 
unspecified 
14 (9.3) 5 (11.1) 8 (15.4) 46 
(29.3) 
20 (32.8) 41 (50.0) 134 
(24.5) 
Physical 
examination- 
detailed 
133 
(88.7) 
39 (86.7) 38 (73.1) 105 
(66.9) 
39 (63.9) 14 (17.1) 368 
(67.3) 
Othera 0 0 0 5 (3.2) 0 0 5 (0.9) 
No action 0 0 5 (9.6) 0 0 21 (25.6) 26 (4.8) 
aClean cages; avoid purchasing birds from other traders and; separate sick from healthy birds. 
 
Table 3.7 Bird features examined by respondents. 
Features 
examined 
Number (%) of respondents 
Bali Lombok Total 
(n=368) Vendors 
(n=133) 
Collectors 
(n=39) 
Customers 
(n=38) 
Vendors 
(n=105) 
Collectors 
(n=39) 
Customers 
(n=14) 
Activity 87 (58.0) 23 (51.1) 21 (40.4) 12 (7.6) 7 (11.5) 2 (2.4) 152 
(41.3) 
Appetite 60 (40.0) 18 (40.0) 1 (1.9) 3 (1.9) 0 0 82 (22.2) 
Cloaca 0 0 1 (1.9) 73 (46.5) 17 (27.9) 7 (8.5) 98 (26.6) 
Comb/wattles 0 0 0 52 (33.1) 16 (26.2) 4 (4.9) 72 (19.6) 
Eyes 38 (25.3) 10 (22.2) 4 (7.7) 5 (3.2) 0 0 57 (15.5) 
Faeces 2 (1.3) 0 0 19 (12.1) 5 (8.2) 1 (1.2) 27 (7.3) 
Feathers 4 (2.6) 3 (6.7) 4 (7.7) 8 (5.1) 2 (3.3) 0 21 (5.7) 
Nares/beak 22 (14.7) 5 (11.1) 10 (19.2) 9 (5.7) 4 (6.6) 0 50 (13.6) 
Under wings 0 0 0 3 (1.9) 4 (6.6) 0 7 (1.9) 
Vocal sounds 7 (4.7) 0 2 (3.8) 1 (0.6) 0 0 10 (2.7) 
Weight 10 (6.7) 5 (11.1) 4 (7.7) 0 3 (4.9) 1 (1.2) 23 (6.2) 
 
3.3.4! Transportation of birds to markets 
Of the 413 traders interviewed, 359 (87%) had transported the birds they were selling to 
the market and 87% (312/359) of those had transported the birds from home. In 
addition, 15-16% of vendors and collectors in Lombok (respectively) and 3% of 
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Balinese collectors also reported stopping anywhere up to six times (mostly 1-2 stops) 
en route to market to collect additional birds. In Bali, it was more common for 
collectors to transport birds to the market than vendors (100% vs. 81%, p = 0.004) 
whilst in Lombok the opposite was found to occur (80% vs. 91%, p = 0.049). Lombok 
collectors however, reported transporting birds from the actual source (rather than from 
home) more frequently than Lombok vendors (34% vs. 20%) or vendors and collectors 
from Bali (24% vs. 25%, respectively). Of the 359 traders who transported birds, only 
four reported passing through bird inspection points en route to market on the day of the 
interview and an additional five had done so at some time in the past. Most of these (n = 
7) had occurred in Bali.  
Transportation of birds to markets involved the use of several kinds of transport, as 
depicted in Figure 3.6, with volume of poultry or practicality (i.e. the type of vehicle 
that a trader either owned or had access to) acting as the main drivers for choice of 
transport. The main mode of transport used by traders was a motorbike, except among 
Balinese collectors who typically relied on small open-back utility vehicles known as 
‘pick-ups’. Lombok traders rarely used pick-ups compared to Balinese traders although 
bicycles and cidomos (a form of pushcart) were more common. Differences in mode of 
transport used by each of the four trader groups were found to be significant (p<.001). 
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Figure 3.6 Modes of transport used by traders to transport birds to market (BV: Bali vendor; BC: 
Bali collector; LV: Lombok vendor; LC: Lombok collector). Pick-up: small utility vehicle; Cidomo: 
pushcart; Other: minibus or car. 
There was also a diverse assortment of cages used for the transport of birds to markets 
(Figure 3.7) with most traders (81%) opting for wicker (bamboo) cages because they 
were cheap and practical. The use of easily cleanable cages such as plastic or metal was 
rare, particularly in Lombok where only four traders reported using them. However 
plastic bags and rice sacks were a popular choice for carrying birds among traders in 
Lombok. A total of 23 traders reported using two types of cages, one trader used three, 
and two traders did not use any form of cage. Differences in the type of cages used by 
traders was significant (p<.001), both between locations and the four trader groups. 
There was also a strong association (p<.001) between cage types and the mode of 
transport as shown in Figure 3.8. For example, traders transporting birds by pick-up 
trucks predominantly used metal cages and traders travelling to markets by public 
transport often employed atypical forms of bird containment such as plastic bags and 
sacks (categorised as ‘other’ cages types). 
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Figure 3.7 Cage types used to transport birds to markets by traders interviewed in Bali and 
Lombok (BV: Bali vendor; BC: Bali collector; LV: Lombok vendor; LC: Lombok collector). Other 
forms of bird containment include plastic bags, rice sacks and a cardboard box. 
 
 
Figure 3.8 Modes of transport employed to carry the different types of birdcages to markets as 
reported by n = 355 traders interviewed in Bali and Lombok that specified both mode of transport 
and a cage type. Other forms of bird containment include plastic bags, rice sacks and a cardboard 
box. Modes of transport included in the other category include car, minibus or walking 
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3.3.5! Marketing 
3.3.5.1! Reasons for selling poultry 
Selling poultry was reported as the primary source of income for 92% (n = 380) of 
interviewed traders. Both Bali and Lombok had six vendors each who sold poultry as 
supplementary income and among Bali collectors it was only two. All 61 collectors in 
Lombok sold poultry as their main income source. In total 19 vendors (from Lombok) 
did not respond to the question.  
 
3.3.5.2! Type and volume of birds sold by traders  
The total volume of poultry reportedly sold the previous day by all traders interviewed 
in Bali was more than four times greater than reported by all Lombok traders (51797 vs. 
12562) with significant differences in means (Mean = 163.9 vs. 47.8, t = 3.09, df 
322.22, p = 0.002). Total volume of birds varied widely between markets both in Bali 
(1241 – 20197) and Lombok (489 - 3453), however there were no significant 
differences in volume of birds sold between markets in Bali (p>0.05) or in Lombok 
(p>0.05). Box plots of volume of birds sold at each of the surveyed markets in Bali and 
Lombok are provided in Figure 3.9 and Figure 3.10, respectively. 
 
 
Figure 3.9 Volume of birds sold by traders interviewed at each of the nine markets in Bali displayed 
on a log scale. 
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Figure 3.10 Volume of birds sold by traders interviewed at each of the eight markets in Lombok 
displayed on a log scale. 
 
Of the 413 traders interviewed as part of this study, 355 (85%) sold at least one type of 
chicken breed and 130 (31%) sold ducks and or Muscovy ducks. Other bird species 
such as quail, geese and songbirds were sold by less than 20 traders (Table 3.8). More 
than 80% (n = 182) of traders in Lombok and 55% (n = 108) of traders in Bali sold 
kampung chicken, making it the most common bird type sold. Vendors reported a wider 
variety of poultry than collectors, particularly in Bali. Collectors in Lombok sold a 
greater volume of poultry on average compared to vendors (Mean = 68.3 vs. 39.6, p = 
0.013) whilst in Bali differences between trader types were not significantly different 
from one another (p>0.05).  
Most traders (70%) sold only one type of poultry, although 15% of Balinese traders sold 
three or more compared to only 1% of traders in Lombok (Table 3.9). Differences in the 
number of bird types sold between traders in Bali and Lombok was highly significant 
(p<.001) but not between vendors and collectors (p>0.05). 
Almost all traders (99%) reported an increase in sales ranging from 50 to 400% during 
peak times of the year such as religious or cultural festivals, with many also increasing 
the frequency of trade from once or twice a week up to seven times. 
Despite the popularity of kampung chickens these were normally not sold in large 
quantities with median values ranging between 20 and 50 birds. Layers, ducks and 
particularly broilers were generally sold in larger quantities except among collectors in 
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Lombok, who typically sold more kampung chickens (Table 3.8). Overall however, 
kampung chickens represented the largest proportion of all birds sold by traders 
interviewed at each of the eight markets in Lombok (Figure 3.11). Broilers and layers 
were each only sold in one market. In Bali, the proportion of bird types representing the 
bulk of sales differed between markets to a greater extent than seen in Lombok (Figure 
3.12). 
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Figure 3.11 Bird types sold at each of the n = 8 studied markets in Lombok given as a percentage of 
total volume of birds sold on previous trading day as reported by n = 218 traders interviewed. 
Other: fighting cocks, roosters, Bangkok chicken and chicken rejects. 
 
 
Figure 3.12 Bird types sold at each of the n = 9 studied markets in Bali given as a percentage of 
total volume of birds sold on previous trading day as reported by n = 195 traders. Other: fighting 
cocks, geese, breeding roosters, songbirds and quail. 
 
3.3.5.3! Unsold birds 
Three-quarters (n = 310) of traders interviewed at markets reported having between one 
and 500 unsold birds (Median = 15) from the previous trading day, with chickens 
representing the vast majority (66%) of all birds not sold. Traders with unsold poultry in 
Bali outnumbered those in Lombok (n = 178 vs. 132, p<.001) and the average quantity 
of unsold birds was also greater (Mean = 56.1 vs. 15.9, p<.001). In fact, Balinese traders 
reported a combined total of 9991 unsold birds, which represents 83% of the total 
volume of unsold poultry (12092). Median quantities of unsold chickens and ducks 
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were highly similar in Lombok and identical in Bali. However there was a large 
disparity in median and total volumes of unsold poultry among markets in Bali 
particularly compared to markets in Lombok (Table 3.10 and Table 3.11, respectively). 
Despite this, significant differences were found in unsold volume between markets for 
both Bali (F8,169 = 2.2, p = 0.029) and Lombok (F7,124 = 5.6, p<.001). Post-hoc analysis 
revealed that Masbagik market, which reported the largest median and overall quantity 
of unsold birds in Lombok, had significantly more unsold birds than any of the other 
seven markets in Lombok; differences between Masbagik and most other markets were 
highly significant (p<.001) except for Kebon Roek (p = 0.025), Sindu (0.013) and 
Bertais, which was bordering on significant levels (p = 0.051). Galiran market in Bali 
recorded the highest total volume of unsold birds and high median quantities for both 
chickens and ducks. Post-hoc analysis revealed significant differences only between 
Galiran and two other markets: Mengwi (p = 0.033) and Bale Agung (p = 0.039). With 
regard to trader type, the proportion of vendors and collectors with unsold birds was 
similar (77% vs. 71%, respectively, p = 0.29), however collectors reported larger unsold 
quantities (Mean = 59.5 vs. 32.5, p = 0.017). 
Most traders (n = 259, 84%) reported removing unsold birds from the market and 
transporting them home, particularly in Lombok where 90% of traders (n = 119) 
reported doing this compared to 79% (n = 140) of Balinese traders (Table 3.12). 
However, it was more common for Balinese traders to leave birds at the market 
overnight than for Lombok traders, but only in selected markets (see Table 3.12 
footnotes). A small number (n = 5) of traders reported taking unsold birds to another 
market and a total of eight traders stated some other, yet unspecified, action.  
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Table 3.10 Volume of unsold chickens and ducks reported by interviewed traders in Bali. 
Market No. of 
traders 
with 
unsold 
chickensa 
Total 
volume 
of unsold 
chickensa 
Median 
(range) 
volume of 
unsold 
chickens 
No. of 
traders 
with 
unsold 
ducksb 
Total 
volume of 
unsold 
ducksb 
Median 
(range) 
volume of 
unsold ducks 
Amlapura 28 1533 35 (5-200) 3 90 25 (15-50) 
Anyar 13 697 25 (3-410) 4 189 24.5 (20-120) 
Bale Agung 13 221 10 (8-48) 1 61 61 
Beringkit 17 608 35 (10-87) 24 1318 32.5 (2-200) 
Galiran 23 1191 50 (5-125) 12 1515 52.5 (15-500) 
Kediri 8 345 30 (10-100) 7 395 50 (5-200) 
Mengwi 17 366 15 (6-65) 10 242 21 (5-60) 
Seririt 21 1046 14 (3-200) 3 60 25 (10-25) 
Umum 6 108 17 (5-35) 1 6 6 
Total  146 6115 25 (3-410) 65 3876 25 (2-500) 
aIncludes broilers, layers, kampungs, breeding chickens and fighting cocks. 
bIncludes ducks and Muscovy ducks  
 
 
Table 3.11 Volume of unsold chickens and ducks reported by interviewed traders in Lombok. 
Market No. of 
traders 
with 
unsold 
chickens 
Total 
volume of 
unsold 
chickensa 
Median 
(range) 
volume of 
unsold 
chickens 
No. of 
traders 
with 
unsold 
ducks 
Total 
volume of 
unsold 
ducksb 
Median 
(range) 
volume of 
unsold ducks 
Bertais 8 127 4 (1-60) 1 5 5 
Gerung 14 117 7 (2-16) 4 18 4 (2-8) 
Kebon Roek 9 109 (4 (1-80) 1 25 25 
Masbagik 16 1043 17.5 (2-268) 2 13 6.5 (3-10) 
Narmada 15 57 4 (1-7) 9 83 7 (3-24) 
Renteng 23 117 3 (1-20) 4 30 9 (2-10) 
Sindu 12 184 4 (2-80) 3 69 6 (3-60) 
Tanjung 15 108 5 (1-30) 0 0 0 
Total 112 1858 5 (1-268) 24 243 6.5 (2-60) 
aIncludes broilers, layers, kampungs, breeding chickens and fighting cocks. 
bIncludes ducks and Muscovy ducks  
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Table 3.12 Fate of unsold birds as reported by n = 310 traders who had unsold chickens or ducks 
the previous trading day. 
Fate of unsold birds Number (%) of traders 
Bali (n = 178) Lombok (n = 132) 
Leave at market 31 (17.4)a 7 (5.3)b 
Taken home 140 (78.7) 119 (90.2)c 
Taken to another market 2 (1.1) 4 (3.0)c 
Other-unspecified 5 (2.8) 3 (2.3) 
aSelected markets only (Anyar, Beringkit and Galiran). 
bSelected markets only (Bertais and Kebon Roek, which were the only permanent or designated markets 
in Lombok). 
cIncludes one vendor who gave two responses. 
 
3.3.5.4! Other livestock or products sold by traders at markets 
A total of 34 (8%) traders reported selling poultry products in addition to live poultry 
and only 15 (n = 14 from Bali) sold other livestock species. The sale of poultry products 
was more common among collectors (16%) than vendors (4%). Eggs were the main 
product sold (13/34 traders) followed by feathers (7/34). Other poultry products 
included chicken carcasses (5/34), manure (4/34) and cooked chicken (n = 1). Two 
traders did not provide details on what poultry product they sold. Other livestock 
species reported to be sold by traders consisted primarily of pigs (11/15) and cattle 
(4/15). One vendor sold goats, another sold rabbits and two did not specify the animal 
species. 
 
3.3.5.5! Poultry purchases by customers 
3.3.5.5.1! Frequency of purchases 
Frequency of purchases reported by customers varied widely from once or twice a year 
to a daily basis (Figure 3.13). More than 40% (n = 34) of customers interviewed in 
Lombok purchased birds on a weekly basis, which was more than twice the proportion 
of Balinese customers (15%) who more often purchased birds only for religious or other 
special events (27%). Irregular purchases of birds were slightly more common among 
customers interviewed in Lombok compared to Bali (12% vs. 6%, respectively). A 
small number (n = 6) of customers reported buying birds infrequently between one and 
six times per year. In addition, there was one customer in Bali who was buying birds for 
the first time and five customers who did not specify how often they purchased birds. 
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Figure 3.13 Frequency of poultry purchases by customers interviewed in Bali and Lombok. 
Purchases at regular but less than monthly intervals were defined as infrequent. Special events 
included religious, social and other unspecified ceremonies or occasions. The category defined as 
other included one first time buyer and five customers that did not specify how often birds are 
purchased form the market. 
3.3.5.5.2! Bird type and volume of purchases 
The total number of purchases made by customers interviewed in Bali was 570, 
representing just 1% of the volume of birds sold by traders. Customers interviewed in 
Bali purchased an average of 7.3 birds (Table 3.13), which was not significantly 
different from Lombok (Table 3.14) with a mean of 4.9 (t = 1.1, d.f 97.2 and p>0.05). 
Customers interviewed in Lombok reported a total volume of 460, which represents 4% 
of total birds reportedly sold by traders. Median values obtained for each of the 17 
markets also suggest that customers generally purchase birds in small quantities and that 
little difference exists between markets. One-way analysis of variance revealed no 
significant differences in the volume of birds purchased between markets in Bali (F8,70 = 
1.44, p>0.05) or in Lombok (F7,85 = 1.29, p>0.05).  
Kampung chickens made up the bulk of purchases in each of the surveyed markets in 
Lombok (Figure 3.14), whereas in Bali (Figure 3.15) purchases were more evenly 
distributed between the different types of birds reported, similar to that which was 
observed for birds sales described earlier in Section 3.3.5.2. However the overall 
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diversity in purchases made by customers in Lombok markets was greater than in Bali 
(Figure 3.14 and Figure 3.15).  
Purchases made by customers were for a variety of purposes with some variation 
between the different bird types (Table 3.15). Most live bird purchases were made for 
special events such as religious or cultural festivities with the exception of fighting 
cocks and Muscovies, which were both primarily bought for restocking. However, one-
way analysis of variance revealed no significant differences in purpose and bird type, 
except for fighting cocks (F3,7 = 7.62, p = 0.013). Of the two customers from Lombok 
who reported purchasing slaughtered chickens, one was intended for personal 
consumption and the other for a small food stall (‘warung’).  
 
Table 3.13 Volume of birds purchased by customers interviewed in Bali. 
Market Total volume Median  Range 
Amlapura (n = 8) 259 5 1 - 130 
Anyar (n = 4) 10 1 1- 5 
Bale Agung (n = 8) 53 5 1 – 7 
Beringkit (n = 8) 95 3 1 – 15 
Galiran (n = 8) 27 2.5 1 – 6 
Kediri (n = 4) 42 5 2 – 14 
Mengwi (n = 4) 38 3 1 – 10 
Seririt (n = 4) 28 3 1 – 21 
Umum (n = 4) 25 4.5 1 - 15 
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Table 3.14 Volume of birds purchased by customers interviewed in Lombok. 
Market Total volume Median  Range 
Bertais (n = 7) 40 2 2 - 19 
Gerung (n = 16) 62 3 1- 10 
Kebon Roek (n = 9) 19 2 1 – 4 
Masbagik (n = 10) 73 3 1 – 20 
Narmada (n = 13) 65 3 1 – 13 
Renteng (n = 13) 118 3 2 – 50 
Sindu (n = 8) 26 2 1 – 10 
Tanjung (n = 6) 58 6 1 – 19 
 
 
Figure 3.14 Types of purchases made by customers interviewed in Lombok given as a percentage of 
the total volume of birds purchased at each market. Other bird types include Bangkok chicken and 
pigeon. 
 
 
Figure 3.15 Types of purchases made by customers interviewed in Bali given as a percentage of the 
total volume of birds purchased at each market. Other bird types include Bangkok chicken and 
unspecified birds. 
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Table 3.15 Purpose of live birds purchased by customers interviewed in Bali and Lombok (excludes 
slaughtered chickens). 
Bird type 
(total volume 
of birds 
purchased) 
Volume (%) of live birds p-value 
Special 
eventa 
Consumption Restock Resell Restaurantb Otherc Unspecifiedd 
 
Broilers 
(105) 
49 (46.7) 9 (8.6) 0 10 
(9.5) 
13 (12.4) 0 24 (22.9) 0.410e 
Layers 
(26) 
14 (53.8) 5 (19.2) 0 0 0 0 7 (26.9) 0.548f 
Kampung 
chickens 
(605) 
192 
(31.7) 
126 (20.8) 53 (8.8) 70 
(11.6) 
115 (19.0) 2 (0.3) 47 (7.8) 0.163g 
Ducks 
(222) 
173 
(77.9) 
3 (1.4) 9 (4.1) 10 
(4.5) 
0 0 27 (12.2) 0.945h 
Muscovy 
(18) 
0 0 18 (100) 0 0 0 0 n/a 
Fighting cock 
(29) 
0 0 17 (58.6) 10 
(34.5) 
0 1 (3.4) 1 (3.4) 0.013i 
Other  
(12)j 
1 (8.3) 0 6 (50.0) 0 0 4 (33.3) 1 (8.3) n/a 
n/a: Not assessed. 
aIncludes religious ceremonies and cultural festivals or celebrations. 
bIncludes purchases for small food stalls (‘warungs’) and restaurants. 
cGifts and pets. 
dRespondent did not provide details of the purpose of live bird purchase. 
eOne-way ANOVA (F4,18 = 1.05, p = 0.410) 
fOne-way ANOVA (F2,6 = 0.67, p = 0.548) 
gOne-way ANOVA (F6,85 = 1.58, p = 0.163) 
hOne-way ANOVA (F4,19 = 0.18, p = 0.945) 
iOne-way ANOVA (F3,7 = 7.62, p = 0.013) 
jBangkok chicken, pigeon, goose, songbird and unspecified species.  
3.3.5.5.3! Other sources of birds reported by customers 
In addition to purchasing birds from the surveyed market, 100% of customers 
interviewed in Lombok and 77% (n = 40 of 52) in Bali also reported obtaining birds 
from other sources. Many customers, especially in Lombok, purchased poultry from 
multiple markets (Table 3.16). Most (n = 23 of 50) customers reported attending one 
additional market, however 30% (11/37) of customers in Lombok and 15% (n = 2 of 13) 
in Bali purchased birds from two or three other markets and one customer (from 
Lombok) reported a total of additional six markets. In Lombok, traders are a particularly 
important source of poultry for customers given that nearly 80% (64/82) reported 
purchasing birds from traders outside of the market compared to 15% (6/40) in Bali 
(p<.001). However, in Bali, more than two thirds of customers rely on poultry raised at 
home as an additional source compared to a quarter of customers in Lombok. Other 
sources, which were rarely reported by customers, include households within their local 
village, producers and/or farmers and importing from another island.  
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Table 3.16 Sources of poultry other than surveyed market as reported by customers interviewed in 
Bali and Lombok. 
Other sources  Number (%) of customers p-value 
Bali (n = 40) Lombok (n = 82)  
Self-bred 27 (67.5) 20 (24.4) 0.002 
Local village 4 (10.0) 4 (4.9) 0.713 
Trader 6 (15.0) 64 (78.0) <0.001 
Producer or farmer 3 (7.5) 0 0.052 
Other market 13 (32.5) 37 (45.1) 0.030 
Imported from another island 1 (2.5) 0 0.402 
Other (unspecified) 8 (20.0) 0 n/a 
n/a: not assessed 
3.3.6! Poultry slaughtering  
3.3.6.1! Traders  
A total of 52 (13%) traders interviewed reported that they slaughter poultry themselves 
either on a regular (n = 28) or irregular basis (n = 24) (Table 3.17). Slaughtering was 
most frequently reported by collectors (24% vs. 9% for vendors, p<.001), particularly in 
Lombok where 26% (16/61) of collectors practice it compared to only 3% (5/157) of 
vendors (p<.001). There was no significant difference in the proportion of vendors and 
collectors who slaughter poultry in Bali (15% vs. 20%, p>0.05), however slaughtering 
was more common overall among traders interviewed in Bali than in Lombok (16% vs. 
10%, p = 0.001). Slaughtering rates of traders also varied significantly between 
surveyed markets in Bali (p = 0.002), ranging from 3% to 57% (Figure 3.16), but not 
between markets in Lombok (p>0.05), where rates varied between zero and 24% 
(Figure 3.17). Traders selling both chickens and ducks also reported relatively high 
rates of slaughtering compared to traders selling only one species (17% vs. 10 and 12% 
for chicken or duck traders, respectively, p = 0.002).  
Slaughtering of poultry by Balinese traders was more likely to be conducted at home 
compared to Lombok traders (81% vs. 43%, p = 0.003), who were more likely to 
practice it at the market (52% vs. 6% of Bali traders, p = 0.013). Only two traders (both 
from Lombok) reported carrying out slaughtering at a slaughterhouse and four of the 31 
interviewed traders in Bali who slaughter poultry did not provide details on location. 
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Table 3.17 Interviewed traders who slaughter poultry (n = 52). 
Trader description Number (%) of traders p-value 
Regularly Occasionally Not at all  
Location Bali (n = 195) 11 (5.6) 20 (10.3) 164 (84.1) 0.001 
 Lombok (n = 218) 17 (7.8) 4 (1.8) 197 (90.4) 
Trader type Vendor (n = 307) 10 (3.3) 17 (5.5) 280 (91.2) <0.001 
 Collector (n = 106) 18 (17.0) 7 (6.6) 81 (76.4) 
Poultry species Chicken (n = 283) 23 (8.1) 11 (3.9) 249 (88.0) 0.002a 
 Duck (n = 58) 4 (6.9) 2 (3.4) 52 (89.7) 
 Chicken & duck (n = 72) 1 (1.4) 11 (15.3) 60 (83.3) 
Trader size Hobby (n = 103) 2 (1.9) 3 (2.9) 98 (95.1) 0.061 
 Small (n = 94) 6 (6.4) 4 (4.3) 84 (89.4) 
 Medium (n = 112) 9 (8.0) 7 (6.2) 96 (85.7) 
 Large (n = 104) 11 (10.6) 10 (9.6) 83 (79.8) 
aSimulated p-value 
 
 
Figure 3.16 Slaughtering rates of traders among surveyed markets in Bali. 
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Figure 3.17 Slaughtering rates of traders among surveyed markets in Lombok. 
 
3.3.6.2! Customers 
Slaughtering rates were found to be higher among customers than traders. Of the 125 
customers who responded to the question, 64% (n = 80) said they slaughtered poultry 
compared to only 13% of traders. Nearly twice as many customers interviewed in Bali 
slaughtered poultry than in Lombok (81% vs. 46%, p<.001), however there was no 
significant difference between markets in either location (p>0.05). Customers who did 
not slaughter poultry relied on slaughterers at the market (12/45) or family and friends 
(12/45). A small number of customers (5/45) also claimed to have their birds 
slaughtered by poultry traders. Poultry purchased by eight customers in Lombok were 
for breeding purposes or on behalf of someone else and were not intended for slaughter 
in the immediate or near future. The remaining three customers who reported not 
slaughtering poultry did not provide further details. Customers were not asked to 
provide details on cleaning or other slaughtering practices. 
 
3.3.6.3! Cleaning and disinfection of slaughtering area and equipment 
Ninety percent (47/52) of traders who conducted slaughtering claimed to clean their 
equipment after slaughtering and 63% (33/52) did so both before and after. However, 
the only ‘equipment’ mentioned by respondents was the cutting knife. There were no 
mentions of buckets, chopping boards or any other tools or equipment that may be used. 
Cleaning consisted primarily of washing with detergent (30/47). Only one trader used 
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disinfectant (type not specified) and the remainder rinsed equipment with water alone. 
In addition to equipment, 71% (37/52) also cleaned the slaughter stall area either after 
each batch of birds (30/37), at the end of the day (2/37) or at other unspecified intervals 
(5/37). Stall area cleaning was largely limited to rinsing with water (32/37), a small 
number also used a high-pressure hose (3/32) or a broom to scrub the surfaces (10/32), 
and a total of nine traders reported using some form of detergent or disinfectant. 
3.3.6.4! Personal Protective Equipment (PPE) & hand washing 
Use of personal protective equipment during slaughter was very low particularly among 
Lombok collectors, of whom only one of 16 reported any form of PPE (a mask). In total 
15 of the 52 traders who reported slaughtering birds used some form of PPE, which was 
mostly limited to one of the following: mask (n = 8), hat (n = 6), boots (n = 6), gloves (n 
= 3) or safety glasses (n = 1). Frequency of PPE use was highest among Balinese 
collectors (5/9), followed by vendors interviewed in Lombok (2/5) and in Bali (7/22).  
Hand washing was practiced mostly at the end of the day’s slaughtering (26/52 
customers). There were also 13 traders that washed their hands before as well as after 
slaughtering but only nine traders washed between each batch of birds. The remaining 
four traders did not provide a response to the question. There were no significant 
differences in hand washing practices between vendors and collectors (p>0.05) or 
between traders interviewed in Bali and Lombok (p>0.05). 
3.3.6.5! Slaughter waste disposal 
Traders reported several methods of disposal for waste resulting from the slaughter of 
poultry. Burial of waste was the most frequently reported disposal method (12/52), but 
many also reported burning (7/52) or disposing into a general waste bin (8/52). Other 
less ideal disposal methods included discarding into rivers or waterways (7/52), 
drainage canals (3/52), spreading around the home (2/52) or nothing (5/52). One 
respondent reported giving the waste away for free and another reported having the 
waste removed by a third party who was responsible for waste removal at the market 
(Beringkit). Six of the 52 traders who slaughter did not provide details on waste 
disposal methods. There were no significant differences in waste disposal methods 
between vendors and collectors (p>0.05) or between traders interviewed in Bali and 
Lombok (p>0.05). 
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3.3.7! General bird management and husbandry practices 
3.3.7.1! Cleaning and disinfection 
Of the 214 traders who transported birds to the market with a vehicle (i.e. motorbike, 
bicycle, pickup, pushcart or car), 75% (n = 161) conducted pre-transport cleaning and 
79% (n = 260) of the 328 traders who used a cage for transport reported cleaning cages 
beforehand. Pre-transport cleaning of both vehicle and cages was only reported by 51% 
(n = 148) of the 292 traders who used a vehicle and a cage. Cleaning rates were 
substantially higher among traders interviewed in Bali than in Lombok for vehicles 
(90% vs. 17.3%, p<.001), cages (92% vs. 66%, p<.001) and both vehicles and cages 
(88% vs. 17%, p<.001) (Table 3.18).  
 
Table 3.18 Cleaning rates of transport vehicles and cages as reported by interviewed traders in Bali 
and Lombok. 
Items cleaned Ratio (%) of traders 
Bali Lombok 
Vendors Collectors p-value Vendors Collectors p-value 
Vehicle  88/102 
(86.3) 
44/44  
(100) 
0.008a 18/123  
(14.6) 
11/45 
(24.4) 
0.208 
Cage(s) 107/118  
(90.7) 
42/43  
(97.7) 
0.180a 76/121 
(62.8) 
35/46 
(76.1) 
0.150 
Vehicle & 
cage(s) 
81/96 
(84.4) 
41/42 
(97.6) 
0.041a 19/112 
(14.3) 
10/42 
(23.8) 
0.245 
aSimulated p-values 
 
Traders were also asked to provide details of cleaning frequency of cages used at the 
market. A total of 377 traders had used at least one cage in the market, either their own 
or one belonging to the market. Frequency of cleaning varied widely between Bali and 
Lombok (Table 3.19). Bali traders cleaned cages much more frequently than Lombok 
traders, with 41% purportedly cleaning cages daily compared to 19% in Lombok 
(p<.001). Vendors from Lombok in particular did not practice a regular cleaning regime 
of market cages with most cleaning only when they deemed it necessary and as such on 
an irregular basis. Furthermore, 21% reported never cleaning cages, which was the 
highest proportion among all traders interviewed.  
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Table 3.19 Cleaning frequency of market cages as reported by n = 377 traders who used cages at 
surveyed markets in Bali and Lombok. 
Cleaning 
frequency 
Number (%) of traders 
Bali Lombok 
Vendors 
(n = 150) 
Collectors 
(n = 34) 
p-value Vendors 
(n = 139) 
Collectors 
(n = 54) 
p-value 
Daily 64 (42.7) 12 (35.3) 0.226a 23 (16.5) 13 (24.1) 0.055a 
Every 2-3 days 37 (24.7) 13 (38.2) 10 (7.2) 5 (9.3) 
Weekly 33 (22.0) 6 (17.6) 21 
(15.1) 
9 
(16.7) 
Monthly 3 (0.2) 0 14 (10.1) 12 (22.2) 
Irregularly 3 (2.0) 3 (8.8) 42 (30.2) 9 (16.7) 
Never 5 (3.3) 0 29 (20.9) 6 (11.1) 
Unspecified 5 (3.3) 0 0 0 
aSimulated p-values 
 
Cleaning methods reported by traders fell into five main categories. Dry methods 
included brushing, wiping or ‘sunning’ cages (i.e. leaving out in the sun to dry prior to 
brushing or wiping) and were most commonly used for market cages (Table 3.20), 
although dry methods were also popular for transport cages. Many traders limited 
washing to rinsing with water however the use of detergent whilst cleaning was the 
most frequently reported approach taken to clean vehicles and cages. The use of 
disinfectant was relatively rare, particularly in conjunction with detergent. Other 
atypical methods included replacing or washing the sacks or plastic bags used as a cover 
on the bottom of cages, using gasoline to rinse cages or leaving out in the rain.  
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Table 3.20 Methods used by traders to clean vehicles or cages used at the market or during 
transport. 
Cleaning method Number (%) of traders 
Transport vehicles 
(n = 214) 
Transport cages 
(n = 328) 
Market cages 
(n = 377) 
Drya  15 (7.0) 67 (20.4) 102 (27.1) 
Rinsed with water 33 (15.4) 57 (17.4) 83 (22.0) 
Washed with detergent  104 (48.6) 114 (34.8) 78 (20.7) 
Washed with water & 
disinfected 
7 (3.3) 14 (4.3) 42 (11.1) 
Washed using detergent 
& disinfected 
2 (0.9) 2 (0.6) 5 (1.3) 
Otherb 0 2 (0.6) 24 (6.3) 
Unspecified 53 (24.8) 72 (22.0) 8 (2.1) 
aDry brushing, wiping or placing in the sun. 
bRinse with gasoline, replace sack used at the base of cage, leave out in the rain and responsibility of 
market employee. 
 
3.3.7.2! Bird manure and waste disposal 
Traders at markets used a wide variety of bird manure and waste disposal methods, 
which differed between islands (p<.001) and between trader types (p<.001) (Table 
3.21). Discarding waste into garbage bins at markets was the most common method, 
reported by most traders (22%). Bali traders also preferred burying or composting over 
other methods, whilst many traders in Lombok discarded waste into rivers or 
waterways. More than 20% of vendors interviewed in Bali, a quarter of collectors in 
Lombok and nearly one third of vendors in Lombok took no action and left manure 
wherever it landed.  
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Table 3.21 Manure and bird waste disposal methods used at markets by traders interviewed in Bali 
and Lombok. 
Manure & waste disposal methods Number (%) of traders 
Bali Lombok 
Vendor 
(n = 150) 
Collector 
(n = 45) 
Vendor 
(n = 157) 
Collector 
(n = 61) 
Burn 0 2 (4.4) 1 (0.6) 3 (4.9) 
Bury or compost 27 (18.0) 11 (24.4) 2 (1.3) 2 (3.3) 
Spread over fields 11 (7.3) 11 (24.4) 7 (4.5) 6 (9.8) 
Spread around home or garden 0 0 20 (12.7) 4 (6.6) 
Discard- gutter or sewage drain 0 0 8 (5.1) 3 (4.9) 
Discard-river or waterways 15 (10.0) 2 (4.4) 41 (26.1) 10 (16.4) 
Discard- waste bin 37 (24.7) 11 (24.4) 25 (15.9) 17 (27.9) 
Discard-unspecified 10 (6.7) 1 (2.2) 0 0 
Other 5 (3.3)a 2 (4.4)b 6 (3.8)c 0 
Nothing 31 (20.7) 4 (8.9) 47 (29.9) 15 (24.6) 
Unknown 14 (9.3) 1 (2.3) 1 (0.6) 1 (1.6) 
aRemoved by market staff. 
bSell. 
cUse as fertilizer (n = 3); discard onto empty plot near market; discard into landfill; removed by 
unspecified third party. 
 
3.3.7.3! Bird deaths at market or during transit and actions taken 
One hundred and sixty three traders (39%) reported a total of 2730 birds dying either at 
the market, or during transit, in the previous 12 months. The total number of reported 
bird deaths in Bali was 401, with a higher average number of bird deaths reported by 
vendors (n = 65, Mean = 5.0) than collectors (n = 22, Mean = 2.6, t = 4.2, df 86.7, 
p<.001). In Lombok, the total number of reported bird deaths was nearly six times 
greater than Bali (Mean = 27.1 vs. 4.5, t = -2.16, df = 85.26, p-value = 0.034) at 2329 
with an average of 30.6 by vendors (n = 48) and 22.0 by collectors (n = 33). There was 
no significant difference in the number of bird deaths between trader types in Lombok (t 
= 0.5, df = 70.5, p>0.05). However the difference in the number of traders who reported 
bird deaths in Lombok was significantly greater among collectors than vendors (p = 
0.002). The number of traders in Bali that reported bird deaths was not significantly 
different between vendors and collectors (p>0.05).  
In the event of bird deaths occurring during transit or at the market, most traders in Bali 
would separate dead from live birds and then either bury or burn the carcasses. Lombok 
traders rarely reported separating carcasses from live birds and often discarded the 
carcasses into a nearby river or waterway. A small proportion of traders also reported 
discarding into a general waste bin or feeding to fish (Lombok) or pigs (Bali). Actions 
reported by vendors and collectors in Bali were not found to differ significantly 
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(psimulated >0.05), however the responses between trader types in Lombok and in general 
between Bali and Lombok were found to be significant (psimulated <0.001). Actions taken 
by traders in the event of bird deaths are provided in Table 3.22. 
 
Table 3.22 Actions taken by traders in the event of birds dying at the market or during transit. 
Actions taken for dead birds Number (%) of traders 
Bali Lombok 
Vendor 
(n = 150) 
Collector 
(n = 45) 
Vendor 
(n = 157) 
Collector 
(n = 61) 
Burn 34 (22.7) 18 (40.0) 0 3 (4.9) 
Bury 67 (44.7) 19 (42.2) 42 (26.8) 17 (27.9) 
Animal feed 4 (2.7) 2 (4.4) 4 (2.6)) 0 
Give away 0 0 2 (1.3) 0 
River 31 (20.7) 4 (8.9) 71 (45.2) 39 (63.9) 
Sell 0 0 2 (1.3) 1 (1.6) 
Separate 62 (41.3) 22 (48.9) 0 4 (6.6) 
Waste bin 10 (6.7) 3 (6.7) 2 (1.3) 0 
None 1 (0.7) 0 2 (1.3 0 
Unspecified 3 (2.0) 2 (4.4) 1 (0.6) 8 (13.1) 
 
3.3.7.4! Actions taken in the event of identifying sick-looking birds  
Traders reported taking a wide variety of actions in the event of identifying a bird 
showing signs of illness (Table 3.23). Separating sick-looking birds from healthy birds 
was the main course of action reported by traders interviewed in Bali, believing this to 
be the safest course of action to prevent the spread of disease. However, Balinese 
traders did not state what happened to the birds once separated, i.e. whether they were 
destroyed, consumed, or sold. Vendors in Bali reported a wider variety of actions 
compared to collectors, and also more than Lombok traders. Another difference 
between vendors and collectors in Bali (psimulated = 0.017) was the proportion that 
reported administering some form of supplement such as vitamins or home remedies 
(and in rare cases tetrachlor, a veterinary drug combining antibiotics with vitamins and 
minerals used for treating a number of poultry diseases but not avian influenza), which 
was highest among collectors. Separating sick from healthy birds was not as common 
among Lombok traders. Instead, most Lombok traders preferred to sell sick-looking 
birds at a cheaper price to minimise losses. Separating and slaughtering sick birds was 
more common among collectors than vendors in Lombok. Many collectors who 
reported separating and slaughtering birds also sold the birds claiming a demand from 
customers willing to buy birds which may not be perfect if at a reduced price. Lombok 
traders also reported consuming birds more frequently than Bali traders to avoid 
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wastage. Taking no action was extremely rare among all traders. Differences between 
Bali and Lombok and between vendors and collectors in Lombok were found to be 
significant (psimulated <0.001). Vendors and collectors in Bali also differed significantly 
in their responses (psimulated = 0.017). 
 
Table 3.23 Actions taken by traders in the event of identifying a sick bird. 
Actions taken for sick birds Number (%) of traders 
Bali Lombok 
Vendor 
(n = 150) 
Collector 
(n = 45) 
Vendor 
(n = 157) 
Collector 
(n = 61) 
Burn 1 (0.7) 0 0 0 
Bury 2 (1.3) 0 0 0 
Consume 1 (0.7) 0 28 (17.8) 6 (9.8) 
Give away 0 1 (2.2) 0 0 
River 2 (1.3) 1 (2.2) 0 0 
Sell 11 (7.3) 3 (6.7) 87 (55.4) 43 (70.5) 
Separate 125 (83.3) 35 (77.8) 47 (29.9) 28 (45.9) 
Slaughter 5 (3.3) 2 (4.4) 24 (15.3) 32 (52.5) 
Administer medicine 3 (2.0) 8 (17.8) 1 (0.6) 0 
None 1 (0.7) 0 1 (0.6) 0 
Unspecified 3 (2.0) 0 0 1 (1.6) 
 
3.3.7.5! Precautions taken by traders to ensure their birds remain disease-free 
Traders were also asked about general precautions they take to protect the birds they are 
selling from disease. Responses indicate that most traders primarily relied on their 
ability to purchase healthy birds (83.5%). Nearly 40% of traders were aware that 
cleaning cages was an important step to prevent disease but only 15% felt that regular 
disinfection of cages was also necessary. Traders did not place a large emphasis on 
separating or vaccinating birds (13% and 5%, respectively). Interestingly however, 18% 
(n = 74) of traders, primarily from Bali, believed that providing supplements to birds 
would keep them disease-free. These included vitamins, minerals, antibiotics, sugar 
water or adequate food and water. Other precautions included the provision of adequate 
food, water or cover for birds, selling birds immediately and cleaning sacks used in 
cages or drying cages in the sun. One trader also felt that bathing his chickens would 
help ward off disease. Of the 413 traders interviewed, only three reported taking no 
precautions to prevent disease in their birds. Overall Balinese traders took more 
precautions than Lombok traders, particularly when it came to cleaning cages (p<.001), 
disinfection (p<.001), separating birds (p<.001), vaccination (p = 0.025) and providing 
supplements to birds (p<.001). However, Lombok traders relied more heavily on the 
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purchase of healthy birds to prevent disease in their stock (p<.001). There were no 
significant differences between trader types in Bali or Lombok. Precautions taken by 
traders to ensure their birds remain disease-free are provided in Table 3.24. 
 
Table 3.24 Precautions taken by traders interviewed in Bali and Lombok to ensure their birds 
remain disease-free. 
Actions to 
prevent disease 
Number (%) of traders 
Bali Lombok 
Vendors 
(n = 150) 
Collectors 
(n = 45) 
p-value Vendors 
(n = 157) 
Collectors 
(n = 61) 
p-value 
Clean cagesa 81 (51.6) 25 (55.6) 0.990 36 (22.9) 18 (29.5) 0.404 
Disinfect 
regularly 
40 (26.7) 19 (42.2) 0.071 2 (1.3) 2 (3.3) 0.602b 
Vaccinate 11 (7.3) 5 (11.1) 0.527b 6 (3.8) 0 0.183b 
Separate birdsc 33 (22.0) 12 (26.7) 0.653 4 (2.5) 3 (4.9) 0.418 
Buy healthy 
birds 
112 (74.7) 36 (80.0) 0.593 144 (91.7) 53 (86.9) 0.406 
Otherd 62 (41.3) 13 (28.9) 0.183 6 (3.8) 5 (8.2) 0.070a 
Nothinge 6 (4.0) 0 n/a 3 (1.9) 0 n/a 
aIncludes all respondents that reported cleaning cages daily or at other regular intervals for this question. 
bSimulated p-value 
cSeparating birds of different species or from different sources 
dIncludes: supplementing birds with vitamins, minerals and antibiotics; ensuring birds have adequate 
food, water or cover; wash sacks used in cages; dry bird cage in the sun; sell birds immediately; treat sick 
birds; and bathe chicken.  
eTrader did not stipulate what actions were taken or clearly stated that no action was taken or the 
respondent provided no other response except stating ‘other’ action but did not specify further details. 
 
3.3.8! Influence of trader characteristics on disease prevention and management   
Traders were assessed and subsequently scored on a variety of practices outlined in this 
study that have the potential to lead to bird-to-bird or bird-to-human transmission, or the 
dissemination of HPAI viruses to and from markets and villages. Higher scores 
(maximum possible score of 19) reflected positive management practices and low 
scores (possible minimum score of zero) with less desirable practices. Trader scores 
ranged between 5 and 15 with an overall mean of 9.5 (Table 3.25).  
Associations between various trader characteristics and scores were analysed using 
linear regression.  When assessed individually several factors were found to influence 
scores at a significant level, with the largest effect observed between locations (Table 
3.25). Overall, the odds of Bali traders scoring highly were 7.7 times greater (OR 0.13, 
95% CI<0.01-0.18, p<.001) compared to Lombok traders. Education was also found to 
have a strong positive and significant effect on scores. Compared to uneducated traders, 
traders who had completed primary school had twice the odds of scoring highly (OR 
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2.04, 95% CI: 1.31-3.18, p = 0.002), junior school educated traders had 2.5 times the 
odds (OR 2.54, 95% CI: 1.32-4.87, p = 0.005) and traders who had completed senior 
school, college or tertiary education had more than 5 times the odds of scoring highly 
(OR 5.37, 95% CI: 3.09-9.33, p<.001). Volume of poultry sold also seemed to have an 
effect on scores. Medium-sized traders were nearly 1.5 times the odds of scoring highly 
compared to hobby-sized traders, although the effect was not significant (OR 1.45, 95% 
CI: 0.86-2.43, p>0.05). Large traders however, had 2.35 times the odds of practicing 
positive bird management and husbandry compared to hobby-sized traders and this 
effect was significant (OR 2.35, 95% CI: 1.39-3.98, p = 0.002). Age was found to have 
a slight negative effect on score [OR 0.98, 95% CI: <0.01-1.00 (unrounded upper CI: 
0.996), p = 0.002). Gender was only assessed for Bali due to the low number of female 
respondents in Lombok and although the effect was not within significant levels female 
traders had 85% higher odds of scoring highly compared to male traders (OR 0.54, 95% 
CI: 0.28-1.03, p = 0.063). Poultry species sold by traders was also found to influence 
scores with traders selling only chickens or ducks found to have better odds of scoring 
highly compared to traders selling both species. The effect was stronger for chicken 
traders (OR 1.98, 95% CI: 1.20-3.28, p = 0.008) than for duck traders (OR 1.45, 95% 
CI: 0.74-2.85, p>0.05). Analysis of the effect of each of the above factors on score by 
multiple linear regression revealed that variation of scores was mostly strongly 
influenced by location (OR 0.12, 95% CI: 0.08-0.18, p<.001) and poultry species sold 
(OR 2.64, 95% CI: 1.70-4.10, p<.001). 
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Linear regression analysis of markets in Bali revealed that traders from the reference 
market Amlapura were more likely to score highly than traders from most of the other 
surveyed markets in Bali (Table 3.26). The two exceptions are Beringkit and Seririt, 
where the odds of scoring highly were 13 % (OR 0.21, 95% CI: 0.08- 0.54, p>0.05) and 
31% (OR 1.31, 95% CI: 0.51-3.38, p>0.05) greater than Amlapura, respectively. 
Markets with the lowest likelihood of scoring highly were Anyar (OR 0.23, 95% CI: 
0.07-0.75, p = 0.015) and Galiran (OR 0.21, 95%CI: 0.08-0.54, p = 0.001). Findings 
indicated that these markets had nearly 80% lower odds of scoring highly compared to 
Amlapura, with the effect being significant.  
 
Table 3.26 Association between score and surveyed markets in Bali by linear regression. 
Market Mean (range) score OR (95% CI) p-value 
Amlapuraa 11.0 (7 - 14)   
Anyar 9.5 (6 - 13) 0.23 (0.07 – 0.75) 0.015 
Bale Agung 10.2 (7 - 13) 0.46 (0.15 – 1.41) 0.173 
Beringkit 11.1 (6 – 15) 1.13 (0.45 – 2.82) 0.790 
Galiran 9.4 (7 - 12) 0.21 (0.08 – 0.54) 0.001 
Kediri 10.9 (8 - 14) 0.91 (0.30 – 2.81) 0.871 
Mengwi 10.7 (7- 15) 0.78 (0.28 – 2.18) 0.629 
Seririt 11.2 (6 - 15) 1.31 (0.51 – 3.38) 0.568 
Umum 10.3 (6 - 12) 0.51 (0.11 – 2.24) 0.380 
OR: odds ratio 
CI: confidence interval 
aReference level 
 
In Lombok, the effect of market on score was not as strong as seen in Bali, however the 
variation in odds ratios suggested that there may be small but insignificant differences 
between markets (Table 3.27). Odds ratios for Kebon Roek (OR 2.08, 95%CI: 0.71-
6.10, p>0.05) and Tanjung (OR 1.66, 95% CI: 0.60-4.58, p>0.05) markets suggest their 
traders had better odds at scoring highly than the reference market Bertais. Traders with 
the lowest chance of scoring positively were from Renteng (OR 0.47, 95%CI: 0.20-
1.13, p>0.05) and Narmada.  
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Table 3.27 Association between score and surveyed markets in Lombok by linear regression. 
Market Mean (range) score OR (95% CI) p-value 
Bertaisa 8.7 (6 - 11)   
Gerung 8.8 (7 - 12) 1.08 (0.43 – 2.71) 0.877 
Kebon Roek 9.5 (8 - 11) 2.08 (0.71 – 6.10) 0.179 
Masbagik 8.5 (5 - 12) 0.81 (0.31 – 2.10) 0.667 
Narmada 8.2 (6 - 10) 0.56 (0.23 – 1.38) 0.208 
Renteng 8.0 (5 - 11) 0.47 (0.20 – 1.13) 0.091 
Sindu 8.9 (6 - 11) 1.14 (0.45 – 2.89) 0.775 
Tanjung 9.2 (7 - 13) 1.66 (0.60 – 4.58) 0.324 
OR: odds ratio 
CI: confidence interval 
aReference level 
 
3.4! Discussion 
3.4.1! Overview of study  
Controlling highly pathogenic avian influenza (HPAI) requires a united effort from all 
stakeholders involved in the production and sale of poultry and poultry products. 
Poultry traders are key stakeholders in poultry marketing chains (Patrick et al. 2014) 
acting as wholesalers and retailers of live poultry sold through live bird markets (LBMs) 
and as a consequence play a vital role in the control and management of HPAI.  
Biosecurity is considered to be an important early line of defence against the 
introduction of avian influenza viruses (Martin 2006). Findings from the observational 
study outlined in the previous chapter revealed that many markets have limited or no 
biosecurity and lack the basic infrastructure necessary to minimise spread of avian 
influenza viruses, placing them at risk of becoming infected with AIVs. The objective 
of the current study was to identify trends in the movement, management and marketing 
practices of poultry traders and the scale of live bird movement through LBMs in Bali 
and Lombok.  
Despite considerable variation in the movement, marketing and management practices 
of poultry traders, subtle yet distinguishing patterns were identified between locations 
and trader types. Poultry traders and customers were found to engage in several 
practices that may facilitate bird-to-bird and bird-to-human transmission of HPAI and 
the spread of AIVs between markets and between markets and villages.  
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3.4.2! Respondents  
Based on findings from this study, poultry trading is largely dominated by males in their 
40’s, which corresponds to the trends observed among farmers in Bali and Java reported 
by Susilowati et al. (Susilowati et al. 2011). Studies of poultry workers in Nepal 
(Neupane et al. 2012) and Bangladesh (Sarker et al. 2011) also reported higher 
proportions of male traders but who were typically younger (Mean = 35 years). In 
contrast, surveys conducted in poultry markets in China (Ma et al. 2014) and Taiwan 
(Kuo et al. 2011) reported similar ages to the current study but higher ratios of female to 
male respondents. Although the average age of traders was found to be highly similar 
across groups, uneducated traders were significantly older than those who were better 
educated.  
The fact that all collectors and most vendors reported poultry trading as their primary 
occupation demonstrates how important poultry trading is to the livelihoods of people 
who work in this industry. Poultry is an affordable and easily accessible source of 
protein and is a common source of capital for many households (Forster 2009, Conan et 
al. 2012), which explains why it is so important. This also means that poultry traders are 
vulnerable to the possible negative effects of HPAI such as a drop in poultry demand or 
from the loss of birds through infection or culling (for traders who also raise poultry to 
sell).  
3.4.3! Marketing of live birds  
3.4.3.1! Sales 
The fact that customers in Bali primarily purchased birds for religious or cultural events 
and 99% of all traders reported increases of up to 400% in sales during peak times when 
such large celebrations occur may partially explain the difference in scale of bird 
movement through markets in Bali compared to Lombok. Live poultry plays a 
significant role in the ceremonial activities of Balinese Hindus, with ceremonies 
occurring frequently throughout the year (Martin 2006). Balinese are also especially 
passionate about poultry, not only for food and religious reasons, but also for recreation, 
and subsequently are a crucial aspect of their way of life (Forster 2009) .  
Another contributing factor to the larger volume of poultry sold by traders in Bali may 
be the type of birds typically sold by traders in each location. Broilers and ducks were 
more commonly sold by Balinese traders and were generally sold in larger quantities 
than kampung chickens, which were the main bird type sold in Lombok markets. 
Furthermore, the majority of traders in Lombok were limited to using vehicles that 
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typically had smaller bird carrying capacities such as motorbikes, bicycles, pushcarts 
(known locally as ‘cidomos’) or even public transport. Large capacity vehicles such as 
pick-up trucks were much more common in Bali and therefore traders were able to 
transport a greater volume birds compared to traders with smaller vehicles.  
Selling or raising multiple avian and non-avian species, or selling other poultry 
products, in addition to live birds is one of the many issues raised from the findings and 
appears to be common in Bali (Santhia et al. 2009). Given how common it was for 
traders (and customers) to raise birds at home, either for commercial or personal 
reasons, and the low reporting of bird segregation clearly suggests that different bird 
species are being housed together both at home and at the market. Findings from field 
observations outlined in Chapter 2 also revealed that mixing of bird species was a 
common practice at many markets. Separating potentially infected birds and 
contaminated objects from uninfected birds is considered to be the most important and 
effective step to prevent the transmission of AIVs (FAO 2011b). This includes 
separating birds from different sources and separating different bird species, particularly 
ducks as they may shed virus without showing outward signs of clinical infection 
compared to chickens (Perkins et al. 2002, Jeong et al. 2009, Kuchipudi et al. 2014).  
The near absence of broilers and layers, yet abundance of kampung chickens in Lombok 
suggests that birds moving through Lombok’s LBMs largely originate from sector 4-
backyard farms. Birds raised on backyard farms are free grazing and thus have ample 
opportunity to interact with other free-roaming animals and wild birds (Conan et al. 
2012). Furthermore, backyard farms generally have low levels of biosecurity compared 
to other poultry production systems (Martin 2006). These factors increase the potential 
risk for bird-to-bird transmission of HPAI for birds raised under these conditions (WHO 
2006b) and consequently increase the potential risk of infected birds entering markets in 
Lombok, particularly if traders do not take necessary steps to ensure that the birds they 
sell are disease-free. However, the sheer scale of birds moving through markets in Bali 
means that the risk of an infected bird entering a market may be potentially higher in 
Bali, particularly if Sector 3 farms off load poultry to markets for quick sale in case 
suspicious bird deaths have occurred at the farm (Morris et al. 2005). Therefore, it is of 
importance that traders ensure they buy and sell uninfected birds and follow appropriate 
biosecurity practices at all times. 
3.4.3.2! Pre-purchase health checks 
Under ideal conditions, traders would purchase birds from reputable sources that came 
with official certification verifying the health status of birds (Martin 2006). The findings 
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from this study indicate that in Bali and Lombok this is very rare. Purchasing vaccinated 
birds was also not very common. However, it is encouraging that a majority of traders 
(and customers) carried out at least some form of physical health check of birds prior to 
purchase, indicating a desire to avoid potentially sick birds. This also indicates that 
traders are aware of some of the more common signs associated with HPAI and other 
poultry diseases with similar clinical signs such as Newcastle Disease (FAO 2011b). 
Sims (Sims 2007) also reported that traders were able to recognise the common clinical 
signs of HPAI such as haemorrhage and swollen heads. However, the findings suggest 
that traders in Bali and Lombok assess bird health somewhat differently. Lombok 
traders appear to be more thorough in their assessments compared to Bali traders given 
that most of them examined birds for signs of disease such as mottled combs and 
wattles, swollen cloaca or nasal secretions rather than basing their assessment on the 
activity levels of birds such as Bali traders. However, the more thorough style of bird 
health checks most likely involves handling the birds as opposed to purely observing 
how active a bird seems. Therefore traders who neglect to use adequate protection such 
as gloves, safety goggles and mask, may be at a greater risk of exposure to HPAI 
viruses, particularly if traders are exposed to bodily fluids of infected birds (MacMahon 
et al. 2008).  
3.4.3.3! Unsold birds 
Three-quarters of respondents had unsold birds at the end of the previous trading day 
and 80 to 90% of those traders reported taking them home, potentially transferring virus 
from the market to uninfected birds back at the farm or household (Fournié et al. 2012). 
Some traders also reported selling their unsold poultry to other traders in the market, 
which was also reported by Patrick et al. (2014). Leaving unsold birds in the markets 
overnight is also not ideal due to the risk of exposure to new birds entering the market 
the following day. Furthermore, banning overnight poultry storage has been shown to 
result in a reduction in viral load within live poultry markets in Hong Kong (Leung et 
al. 2012). Therefore the ideal practice is to slaughter all unsold poultry and sell as 
processed meat to minimise transfer of virus to other birds (WHO 2006b). 
3.4.4! Origin of birds 
Traders interviewed in this study rarely reported importing birds from other islands 
despite the fact that other studies have demonstrated that birds are moved through 
informal channels in Bali in particular (Patrick et al. 2014, Millar et al. 2015). However 
given the restrictions implemented on both islands which forbid the movement of live 
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adult birds between provinces and from other islands (Millar et al. 2015), it is possible 
that respondents were reluctant to admit importing birds.  
Sourcing birds from several places was very common among traders. Collectors in 
particular sourced birds from many different places, which is not surprising given the 
nature of their business. However, as they tend to pick up mixed bird species from 
multiple sources they may be at greater risk of spreading disease to and from markets 
and villages (Patrick et al. 2014). Most traders purchased birds from other traders and 
many traders also reported stopping en route to the market to pick up more birds 
increasing the potential risk for transferring virus between stops. Furthermore, traders 
and customers in Lombok frequently reported buying and selling birds at and from other 
markets. Therefore, it is extremely difficult to determine exactly where or how many 
different places birds have originated or travelled from, or how many times birds have 
changed hands. This lack of transparency in bird movements makes it extremely 
difficult for authorities to trace the origins of birds in the event of an outbreak. 
Furthermore, the more often traders move between markets, farms and villages, the 
greater the risk of an infected bird transmitting the virus to uninfected birds and 
spreading the virus through the movement of contaminated objects (FAO 2011b). 
Considering the limited cleaning and disinfection of transport equipment reported by 
traders, the potential for this is high.  
An additional issue regarding how birds are sourced relates to when the birds are 
purchased and if not directly en route to the market, where are they stored. Given that 
most traders reported transporting birds from home to the market, suggests that birds 
were purchased prior to market day and most likely housed together or were at least in 
close or confined spaces. This not only provides the opportunity for uninfected birds to 
mingle with potentially infected birds but also increases the length of potential 
exposure, especially considering some traders do not trade on a daily basis.  
 
3.4.5! Management and husbandry practices 
3.4.5.1! Cleaning and disinfection 
As briefly mentioned earlier, cleaning and disinfection of transport equipment was very 
limited. Cleaning of market cages was no different. The methods reported by traders for 
cleaning routines were very similar between transport equipment and market cages and 
mostly consisted of rinsing with water or brushing away visible traces of manure and 
feathers. Few traders reported cleaning cages on a daily basis and even those who did, 
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rarely used recommended procedures, which includes removing all visible traces of dirt 
on the surfaces and scrubbing with water and soap, or for large objects such as vehicles, 
a high pressure hose. Considering, the limited cleaning procedures and low use of 
disinfectants it is unlikely that transport equipment and market cages are being 
sufficiently decontaminated to prevent potential mechanical transfer of HPAI viruses.  
3.4.5.2! Disposal of bird waste and dead birds 
The manner in which many traders reported disposing of poultry waste and carcasses 
was not ideal. Discarding poultry waste into rivers or spreading untreated manure onto 
fields or garden beds, typical of traders interviewed in Lombok, can lead to 
environmental contamination and facilitate the spread of HPAI (Forster 2009). Lombok 
traders were also less inclined to take any action at all, especially compared to collectors 
interviewed in Bali. Considering so few traders made any mention of waste being 
collected by market staff indicates a low level of waste removal services within 
surveyed markets. However, a study of live bird markets conducted by Samaan et al. 
(Samaan et al. 2011) in other parts of Indonesia indicated that waste removal was 
predominantly the responsibility of the market management but even so, waste is not 
always removed on a daily basis. Given that daily waste removal has been shown to act 
as a protective factor against HPAI H5N1 virus in markets sampled in the western part 
of Java (Indriani et al. 2010), and in China (Martin et al. 2011) markets without waste 
removal services may be increasing their risk of becoming infected.  
Traders in Lombok also reported discarding the carcasses of birds into rivers or 
waterways, whereas Bali traders were more likely to burn or bury carcasses. Findings 
from observations in the field outlined in the previous chapter also demonstrated that 
dead birds are sometimes discarded on the ground next to healthy looking birds. Sick 
birds were often separated from healthy birds but 60% of traders in Lombok also 
reported selling them at a cheaper price to minimise losses. It is not clear what traders in 
Bali do with sick birds beyond separating them from healthy birds, as most did not 
provide further details. Therefore it is possible that they too sell the birds, especially 
collectors given that nearly 20% had reported trying to treat birds with vitamins or other 
supplements, and its rather unlikely that birds would be treated only to be slaughtered 
and discarded.  
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3.4.5.3! Slaughtering of poultry 
Poultry slaughtering practices is another critical aspect of management of live poultry at 
markets. The findings of this study revealed that slaughtering is very common and is 
usually conducted without the use of any form of protective clothing or equipment such 
as gloves, masks, overalls and boots. Slaughtering was most often carried out by 
customers but also more frequently by traders in Bali than in Lombok. Collectors and 
traders selling both chickens and ducks were also more likely to slaughter poultry than 
vendors or traders selling one poultry species. Lombok traders were more likely to 
slaughter birds at markets, whereas Bali traders usually slaughtered at home. This may 
explain why slaughtering was not observed at markets in Bali but in contrast was often 
seen in Lombok markets during field observations outlined in the previous chapter. 
Ideally slaughtering should be conducted at centralised slaughtering houses built 
specifically for such purposes or within separate designated zones of the market, with 
appropriate biosecurity and sanitation measures in place, to minimise risk of HPAI 
transmission and spread (WHO 2006b). However, findings from live bird market 
observations (Chapter 2) indicate that slaughtering occurring in Lombok markets was 
normally conducted in the live bird trading area of the market, posing significant threat 
of exposing live birds and people to blood and other bodily fluids of potentially infected 
birds. Furthermore, cleaning practices were usually limited to rinsing the cutting knife 
or slaughter area with water. Considering the limited access to tapped water sources at 
many markets described in the previous chapter, it is more than likely that the water 
used was recycled and not clean. 
3.4.5.4! Preventative practices of traders 
One of the questions traders were asked during interviews was what general precautions 
they take to protect the birds they are selling from disease. The purpose of the question 
was two-fold. Firstly it aimed to summarise some of the key preventative behaviour of 
traders but it also served as a way to compare responses with earlier questions related to 
management practices. In this final respect it served well to indicate that responses 
aligned with earlier questions. The findings indicated that traders have a strong desire to 
purchase healthy birds, particularly in Lombok. It also highlighted that practices such as 
vaccination and separating birds of different species or sources were not seen as 
important in preventing disease and that cleaning and disinfection of cages was more 
important among Bali traders.  
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3.4.6! Factors influencing trader practices 
Results of linear regression analysis of trader practices revealed that traders who had 
received formal schooling were more likely to practice preventative behaviour than 
those who had not. This supports other studies that have also demonstrated education to 
have a positive impact on preventative behaviour (Manabe et al. 2012, Dairo et al. 2013, 
Susilowati et al. 2013). Age was found to have a slight negative impact on trader 
behaviour, however this is most likely related to the negative correlation identified 
between age and education. Whilst trader type was not found to have an effect on trader 
behaviour, selling larger quantities of poultry (i.e. ≥215 birds) was associated with 
preventative behaviour. However, the most influential factors on trader behaviour were 
found to be poultry species sold and location. Selling a single species of poultry was 
more strongly associated with preventative behaviour than selling both chickens and 
ducks and Bali traders had overall more than seven times the odds of practicing 
preventative behaviours compared to Lombok traders. Bali traders and large traders 
were both found to have better education levels, which serves as one possible 
explanation for their more positive practices. However, there was no significant 
difference in education levels between traders categorised by the species of poultry they 
sell. It is possible that Balinese and large-sized traders may have had greater exposure to 
information on HPAI and biosecurity but it seems rather unlikely that traders selling 
only chickens or ducks have been exposed to information that traders selling both 
species have not. This is perhaps a topic worth further investigation. Another area 
possibly warranting further investigation is the effect of gender on trader behaviour 
since there was some indication that female traders practice more preventative 
behaviours than male traders. The effect of religion on trader behaviour could not be 
assessed due to the small numbers of non-Hindu traders in Bali and non-Muslim traders 
in Lombok.  
3.4.7! Limitations 
Due to the design of this study focusing largely on practices of poultry traders and 
because vendors were the main trader type selling poultry in markets, the three 
respondent categories were disproportionately represented, which may introduce a 
certain level of bias. However the high response rate enabled us to make statistically 
significant inferences between respondent categories in most cases. Markets were also 
represented disproportionately, mostly due to differences in the number of traders 
working at each site, and this meant that samples were too low to conduct statistical 
analyses to compare individual markets. Due to some respondents inadvertently being 
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interviewed twice, the overall number of unique respondents from Bertais market was 
less than intended and therefore the market was underrepresented compared to the other 
16 markets. Interviewing market managers would have been beneficial to provide 
information on waste disposal and cleaning and disinfection activities at each of the 
markets. Unfortunately time and fiscal limitations prevented further interviews from 
being conducted. 
Questionnaires are a valuable tool commonly used in epidemiological studies to collect 
information on a variety of factors, particularly when information from other sources is 
limited (Soskolne and Stellman, 2011). However there is the potential for bias in 
questioning and responses, particularly surrounding topics that might be socially or 
culturally sensitive. In order to minimise the potential for bias in questioning and to 
encourage respondents’ to be truthful in their responses, interviewers were instructed to 
ask questions exactly as outlined in the questionnaire and respondents’ were informed 
that there were not right or wrong responses and that all data would be anonymised.  
In cross-cultural settings, issues can also arise from translational errors that can affect 
the accuracy of responses (Lee et al. 1999). Omitting translational errors in 
questionnaires entirely is difficult, but can be limited by thorough adequate evaluation, 
planning and administration (Lee et al. 1999). To minimise potential translational errors 
in this study, questionnaires were designed and piloted in close collaboration with two 
local teams with experience in animal health surveys to ensure maximum clarity of the 
concept, format and wording of each question.  
3.4.8! Conclusion 
In conclusion, the findings from this study have demonstrated trends in a broad range of 
activities undertaken by poultry traders and customers pertaining to the marketing, 
management and movements of live birds to and from live bird markets in Bali and 
Lombok. These findings support conclusions from studies conducted in other parts of 
Indonesia (Samaan et al. 2011, Naysmith 2014), Asia (Fournié et al. 2012, Roy et al. 
2014) and Africa (Kirunda et al. 2014) that also reported low levels of biosecurity 
practiced in live bird markets. Markets are at risk of becoming infected with HPAI 
through the entry of mixed species of uninspected birds sourced from multiple 
locations. The low levels of biosecurity practiced by traders and many customers also 
places birds and people at risk of becoming infected and increases the potential for virus 
to be spread between markets and between markets and villages.  
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Chapter 4:!Poultry trader knowledge and perceptions 
of HPAI and biosecurity  
4.1! Introduction 
Controlling HPAI in Indonesia, where infection is firmly entrenched, has proven to be a 
challenging task for a number of reasons including, but not limited to, weak veterinary 
services and disease detection and response capacities, as well as limited manpower and 
resources (FAO-OIE-WHO 2008). National policies aimed at eradicating and 
controlling HPAI in Indonesia have so far had limited success and this has led to a shift 
away from top-down communication approaches towards community based 
participation and the targeting of key stakeholders (FAO 2013b). Engaging with 
stakeholders such as poultry workers, traders and farmers is critical to improving 
biosecurity along the marketing chain (Azhar et al. 2010). However, effective virus 
eradication, control and prevention rely on consistent implementation of appropriate 
biosecurity measures by stakeholders (Alders et al. 2009). 
Research has shown that trader knowledge and perceptions toward HPAI and 
biosecurity are often low, which may influence preventative practices among poultry 
workers and farmers (Sarker et al. 2011). In 2009, a survey of 140 Nigerian male 
poultry traders and market workers was carried out at three traditional live bird markets. 
The study found that knowledge of certain key aspects of HPAI transmission (e.g. 
poultry and wild birds are vectors of the disease) was very high among respondents but 
awareness of other aspects (e.g. HPAI can be transmitted to people by handling 
uncooked poultry) was very limited (Abdullahi M 2009). Research conducted among 
352 traditional poultry market workers and shoppers in the same year in Taiwan (where 
there had been several outbreaks of H5N2, but not H5N1) found that recommended AI 
preventative behaviour (e.g. wearing a face mask; washing hands after any contact with 
poultry) was highly correlated with having school or university education and also 
correlated with an understanding of bird fatality rates, severe cases and local outbreaks 
(Kuo et al. 2011). The following year, Manabe et al. (Manabe et al. 2012) reported the 
findings of a survey conducted in Vietnam of 543 respondents residing either in a 
community which had experienced H5N1 outbreaks (which was also in a more rural 
setting) or in one which had not (a more urban setting). They found that knowledge of 
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H5N1 and preventative measures were influenced by education and awareness of local 
outbreaks, as well as occupation and economic conditions. !
HPAI knowledge of poultry farm workers in Italy, Nigeria and China were also found to 
be greater with higher levels of education and among those who believed they were at 
high risk of contracting HPAI (Abbate et al. 2006, Fasina et al. 2009, Yu et al. 2013). In 
addition, there appeared to be higher awareness levels of HPAI amongst urban or peri-
urban poultry workers and consumers than their rural counterparts (Barennes et al. 
2007, Fasina et al. 2009, Yu et al. 2013). These findings are not surprising, given the 
lower education levels of poultry workers and traders, lack of adequate facilities in 
some countries and the lack of involvement of poultry workers or traders in disease 
surveillance and control, which are normally carried out by government services 
(Alders et al. 2009, Guerne Bleich et al. 2009, Azhar et al. 2010).!!
The influence of HPAI information sources and education programs (e.g. mass media, 
training and community surveillance programs) on poultry workers’ or villagers’ 
knowledge have been investigated in some countries (Barennes et al. 2007, Azhar et al. 
2010, Manabe et al. 2012, Neupane et al. 2012, Yu et al. 2013). Television was the main 
source of HPAI information in Nigeria, Laos and Vietnam (Barennes et al. 2007, Fasina 
et al. 2009, Manabe et al. 2012), while radio was more important in Nepal (Neupane et 
al. 2012). Involvement of local healthcare workers and administrators in Vietnam in 
HPAI H5N1 education and outreach was found to be highly influential in increasing 
HPAI awareness and building community trust in using health services (Manabe et al. 
2012).  
Sims (Sims 2012) highlighted the enormous investment that has gone into ‘behaviour 
change communication’ in countries where HPAI infection is endemic. Whilst this has 
led to an increase in HPAI knowledge has increased, it has not led to universal changes 
in HPAI preventative behaviour. Understanding and addressing the more subtle social 
and cultural drivers of behavioural change is necessary (Sims 2012, Naysmith 2014). 
Findings from the previous chapter demonstrated that poultry traders in Bali and 
Lombok engage in practices that may facilitate the transfer and dissemination of HPAI 
viruses between birds and to and from markets and villages.  
The objectives of this study therefore were to gain insight into poultry trader’s 
knowledge, attitudes and perceptions towards HPAI, reporting and biosecurity in live 
bird markets (LBMs) in Bali and Lombok. Furthermore, it was an aim to identify 
whether differences in knowledge, attitudes and perceptions existed between different 
socio-demographic profiles or trader characteristics, and to determine whether the type 
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or diversity of HPAI information sources to which respondents had been exposed 
influenced outcomes. This information is valuable for developing and improving current 
approaches to address behaviour change among poultry traders and to minimize the 
risks associated with HPAI infections in both poultry and people.  
The work presented in this chapter has been published as Kurscheid et al. “Knowledge 
and perceptions of highly pathogenic avian influenza (HPAI) among poultry traders in 
live bird markets in Bali and Lombok, Indonesia”, PLoS ONE 10(10): e0139917. 
doi:.10.1371/journal.pone.0139917. (Appendix E).  
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4.2! Materials and methods  
4.2.1! Study population and location 
Details of the study population and location are outlined in Chapter 2 and Chapter 3, 
respectively. 
 
4.2.2! Data collection 
Data collection was described in Chapter 3 with additional amendments: respondents 
(i.e. traders) were asked an additional six questions to elicit details on knowledge and 
perceptions of HPAI and biosecurity. Respondents were asked to provide details on:  
1)! sources of AI information;  
2)! how AI can be introduced into markets;  
3)! how to prevent poultry from becoming infected at markets;  
4)! attitudes towards reporting of sudden or suspicious bird deaths;  
5)! perceptions of the importance of biosecurity in markets and;  
6)! willingness to implement strategies to improve biosecurity in markets.  
The latter two questions were only added to the questionnaire after the second round of 
data collection and therefore only presented to respondents in the final round of 
interviews. As the final round of interviews largely targeted vendors, the two additional 
questions were only presented to vendors. For the purposes of this study, biosecurity 
was defined as ‘a set of preventative practices aimed at reducing the potential for 
transmission and spread of disease causing organisms (specifically, avian influenza) 
onto and between sites, animals and humans’. To ensure a uniform understanding 
among respondents, the term ‘biosecurity’ was defined at the onset of the interview and 
again immediately prior to each question using the term. Responses for the question on 
perceptions of the importance of biosecurity were based on a Likert-type scale, with 
importance rated on a scale of one to five (1 = not important or unnecessary, 2 = low 
importance, 3 = medium importance, 4 = high importance and 5 = very important or 
crucial). 
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4.2.3! Data Analysis 
Data was analysed as described in Chapter 3 with the additional details as specified 
below.  Trader knowledge was assessed by comparing the mean number of valid 
responses between groups for the questions pertaining to HPAI transmission and 
prevention (i.e. Q2 and Q3 above). Valid responses were defined as sources of 
transmission (for question on ‘how markets can become infected’) or preventative 
measures that fit with WHO or FAO avian influenza epidemiology and guidelines (FAO 
2004a, WHO 2006b). Analysis of market differences was not conducted on the final 
two questions pertaining to biosecurity due to the small number of respondents from 
each market (and therefore insubstantial cell values). 
Multinomial logistic regression was used to analyze the influence of HPAI information 
sources on trader knowledge of HPAI transmission and prevention (response variables). 
Analysis of information sources (explanatory variables) used the count of responses 
provided by respondents or the type of source reported. However, for the latter, only 
television and personal communication were included in the models due to the low 
frequency at which other HPAI information sources were reported. Response variables 
consisted of the count data of responses for the questions pertaining to ‘how markets 
can become infected with HPAI’ or ‘measures to prevent HPAI in poultry at markets’.  
Simple and multiple linear regressions were used to determine whether information 
sources or knowledge of HPAI transmission pathways or preventative measures, 
influenced trader behaviour. For each analysis, the explanatory variable was the number 
of responses reported by traders (i.e. number of information sources, transmission 
pathways or preventative measures) and the response variable was the trader behaviour 
score determined in the previous chapter. Logistic and linear regressions were 
performed using R version 2.13.0 (R Core team, 2014). Odds ratios were calculated for 
the effects of explanatory variables on response variables. A confidence interval of 95% 
and p-values were used as measures of statistical significance in all models. 
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4.3! Results  
4.3.1! Sources of information on HPAI 
Information on HPAI was derived from a variety of sources but the vast majority of 
traders (78%, n = 324) had learnt about the disease (and outbreaks occurring in Bali and 
Java) through television. Personal communication was also found to play an important 
role in information transfer, with approximately one third (n = 133) of all respondents 
obtaining information on HPAI from other people. Female traders (60%, n = 28) and 
participants in Bali (43%, n = 83) relied heavily on personal communication compared 
to male traders (29%, n = 105) and Lombok respondents (23%, n = 50) and these 
differences were highly significant (p<.001). Personal communication was also 
common among duck traders (43%, n = 25) although not significantly more than among 
chicken traders (29%, n = 81) or traders selling both species (38%, n = 27, p = 0.078).  
In instances where traders relied on personal communication for HPAI information, it 
typically came from friends or local government officials, such as the village head and 
government livestock officers (especially for Bali markets). One vendor in Lombok 
mentioned learning about AI during a meeting on the disease.  
Nearly 10% (n = 38) of respondents had never been exposed to information on AI. 
Uneducated traders (18%, n= 20, psimulated <.001) and traders selling ducks (17%, n = 10, 
p = .035) were twice as likely to have had no exposure to HPAI information compared 
to most other traders. The maximum number of information sources reported by any 
single respondent was four but the overall mean was relatively low at only 1.3. There 
was no significant difference between male and female respondents (p>0.05).  
Significant differences were identified in the mean number of information sources 
reported by respondents with different education status (p<.001). The highest educated 
respondents (i.e. senior school, tertiary or university) accessed information from the 
greatest number of sources (Mean = 1.7, range = 0 - 4) and uneducated respondents 
from the least (Mean = 1.0, range = 0 - 3). Junior educated respondents reported more 
information sources (Mean = 1.5, range = 0 - 4) than uneducated and more than primary 
educated respondents (Mean = 1.2, range = 0 - 4). Post-hoc analysis revealed that 
differences between senior and uneducated respondents and senior and primary 
educated respondents were highly significant (p<.001). Differences were significant 
between uneducated and junior educated respondents but not between respondents of 
other education categories (p>0.05). Differences were also identified in mean number of 
sources between locations, trader types and trader sizes but not between traders 
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categorized by poultry type (Table 4.1) or between markets in Bali (Table 4.2) or 
Lombok (Table 4.3).  
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Table 4.2 Mean number of AI information sources reported by traders at each of the nine 1 
surveyed markets in Bali. 2 
Market Mean (range) p-value 
Amlapuraa 1.6 (1 - 4) 0.492b 
Anyar 1.9 (0 - 4) 
Bale Agung 1.8 (0 - 3) 
Beringkit 1.2 (0 - 3) 
Galiran 1.6 (0 – 4) 
Kediri 1.6 (0 – 3) 
Mengwi 1.6 (0 – 3) 
Seririt 1.6 (0 – 3) 
Umum 1.7 (1 - 3) 
aReference level;  bOne-way ANOVA (F8,186 = 0.93, p = 0.492) 3 
 4 
Table 4.3 Mean number of AI information sources reported by traders at each of the eight 5 
surveyed markets in Lombok. 6 
Market Mean (range) p-value 
Bertais 1.1 (0 - 2) 0.068b 
Gerung 1.0 (0 - 2) 
Kebon Roek 1.2 (0 - 2) 
Masbagik 1.2 (0 - 3) 
Naramada 1.0 (0 – 2) 
Renteng 0.9 (0 – 2) 
Sindu 1.0 (0 – 2) 
Tanjung 1.2 (1 – 2) 
aReference level; bOne-way ANOVA (F7,210 = 1.92, p = 0.068) 7 
 8 
4.3.2! Knowledge of how HPAI is introduced into a poultry market 9 
The most common potential source of contamination reported by traders was 10 
“infected poultry”, which was reported by more than half (n = 238) of all 11 
respondents. Knowledge of other common pathways for HPAI introduction was 12 
limited in comparison (Table 4.4). Large traders were slightly more aware of the 13 
potential of fomites such as vehicles and cages as sources of contamination than 14 
other trader sizes (Table 4.4). Among traders categorized by poultry species, a higher 15 
proportion of respondents selling both chickens and ducks were aware that poultry 16 
infected with HPAI can potentially contaminate markets compared to traders selling 17 
only one of these species (72% vs. 56% of chicken traders and 45% of duck traders, 18 
p = 0.006). Similarly, collectors also demonstrated a greater awareness compared to 19 
vendors based on the number of potential pathways for HPAI introduction they were 20 
able to correctly identify (Mean = 1.1 vs. 0.6, p<.001) and the low proportion of 21 
collectors that had did not know compared to vendors (24% vs. 47%, p<.001).  22 
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Most traders were unable to identify more than one possible source of contamination 23 
(Mean = 0.76) and only eight traders provided three or more sources (maximum of 24 
five). Strikingly, 168 traders (41%) had no knowledge of how HPAI is transmitted.  25 
This was particularly evident among duck traders who had the highest proportion of 26 
respondents that were unable to identify a source of contamination (55%, n = 32). 27 
Education was strongly associated with trader ability to identify potential HPAI 28 
introduction pathways (F3,409 = 4.57, p = 0.004). Post-hoc analysis revealed that 29 
respondents with senior education or higher were able to provide 30% more 30 
responses than primary educated (Estimate = 0.31, p = 0.017), and 40% more than 31 
uneducated respondents (Estimate = 0. 36, p = 0.008). There was no significant 32 
difference in mean number of responses (i.e. potential HPAI introduction pathways) 33 
between male and female traders (Mean = 0.7 vs. 0.9, p>0.05).  34 
Knowledge of HPAI transmission was not found to differ significantly between 35 
traders from surveyed markets in Bali (Table 4.5). However there was significant 36 
difference in HPAI knowledge of traders between markets in Lombok (Table 4.6). 37 
Post-hoc analysis revealed that Bertais traders were able to identify twice as many 38 
transmission routes compared to traders from Sindu (OR 0.50, 95% CI: 0.32-0.77, p 39 
= 0.041), more than twice as many from Kebon Roek (OR 0.43, 95% CI: 0.26-0.72, 40 
p = 0.028), Narmada (OR 0.45, 95% CI: 0.30-0.69, p = 0.007), Renteng (OR 0.45, 41 
95% CI: 0.30-0.67, p = 0.003) and nearly three times as many as traders from 42 
Gerung (OR 0.37, 95% CI: 0.24-0.58, p= 0.003). No other significant differences 43 
were identified between markets in Lombok.  44 
Sixteen (7%) respondents from Lombok seemed to have doubts about the presence of 45 
HPAI either on their island (2%, n = 5), in the bird species they were selling (3%, n = 46 
7), or whether HPAI existed at all (2%, n = 4). Respondents interviewed in Bali 47 
made no such comments.   48 
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Table 4.5 Mean number of HPAI transmission pathways correctly identified by traders at each 
of the nine surveyed markets in Bali. 
Market Mean (range) p-value 
Amlapuraa 0.7 (0 - 3) 0.121b 
Anyar 0.9 (0 - 2) 
Bale Agung 0.6 (0 - 3) 
Beringkit 0.8 (0 - 4) 
Galiran 1.3 (0 - 5) 
Kediri 0.7 (0 - 2) 
Mengwi 0.7 (0 - 3) 
Seririt 0.7 (0 - 2) 
Umum 0.4 (0 - 1) 
aReference level; bOne-way ANOVA (F8,186 = 1.62, p = 0.121).  
 
Table 4.6 Mean number of HPAI transmission pathways correctly identified by traders at each 
of the eight surveyed markets in Lombok. 
Market Mean (range) p-value 
Bertaisa 1.5 (1 - 2) 0.002b 
Gerung 0.5 (0 - 1) 
Kebon Roek 0.6 (0 - 2) 
Masbagik 0.9 (0 - 2) 
Naramada 0.7 (0 - 2) 
Renteng 0.6 (0 - 2) 
Sindu 0.8 (0 - 2) 
Tanjung 0.8 (0 - 2) 
aReference level; bOne-way ANOVA (F7,210 = 3.36, p = 0.002). Post-hoc analysis revealed significant 
differences between Bertais and five other markets including Gerung (p<.001), Kebon Roek (p = 
0.028), Narmada (p = 0.007), Renteng (p = 0.003) and Sindu (p = 0.041). 
 
4.3.3! Knowledge of procedures to prevent HPAI transmission 
Cleaning and disinfecting cages was recognized as the most important step in 
preventing HPAI in poultry at markets, yet it was only reported by half of all 
respondents (n = 232). Less than half of the respondents (40%, n = 166) were aware 
that disposing of sick and dead birds minimized the risk of virus transmission. 
Vaccination was not rated highly (17%, n = 71) as a method for preventing HPAI 
except among traders selling both chickens and ducks (28%, n = 20).  
Traders interviewed in Bali appeared to have a better knowledge of good biosecurity 
practices than Lombok traders, with more than 80% (n = 157) able to list at least one 
preventative measure compared to only 57% (n = 123) of Lombok traders (Table 
4.7). Although the maximum number of preventative measures reported by 
respondents in both locations was very similar (6 vs. 5 for Bali and Lombok, 
respectively), Bali traders reported a greater variety of preventative measures on 
average than Lombok respondents (Mean = 2.3 vs 1.2, p<.001). However, there was 
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no significant association between market and mean number of HPAI preventative 
measures reported by traders for Bali (Table 4.8) or Lombok (Table 4.9). 
Of the two trader types, collectors were more knowledgeable of good biosecurity 
practices than vendors, particularly in their awareness of the importance of cleaning 
cages and vehicles, and separating different bird species (Table 4.7). More than 85% 
(n = 91) provided at least one preventative measure compared to 62% (n = 191) of 
vendors and the average number of preventative measures was also significantly 
greater (Mean = 2.1 vs. 1.6, p = 0.002). There was little difference in awareness of 
preventative measures among traders based on species or volume of birds sold, 
however traders selling both chickens and ducks, and large traders, did provide a 
greater average number of preventative measures compared to their peers. 
Mean number of preventative measures identified by female traders was more than 
1.5 times greater than male traders (Mean = 2.7 vs. 1.6, respectively, p<.001). 
However, to determine whether these differences were merely a reflection of the 
differences observed between locations (as mentioned above), the mean number of 
preventative measures reported by female and male traders in Bali (where the 
majority of female traders were interviewed) were compared. The findings indicate 
that despite a smaller difference in mean values, female traders had significantly 
better knowledge of preventative measure than male traders (Mean = 2.8 vs. 2.2, t = 
2.31, df = 80.46, p = 0.02). Education was also associated with knowledge of 
preventative measures (F3,409 = 16.77, p<.001). Post-hoc analysis revealed that 
primary- and junior-educated respondents were able to provide 60% more responses 
(Estimate = 0.58, p = 0.005), and 100% (Estimate = 0.98, p<0.001) respectively, 
than uneducated respondents. Senior-educated respondents were able to provide 
150% (Estimate = 1.52, p<.001) more than uneducated respondents and 90% 
(Estimate = 0.93, p<.001) more than primary-educated.  
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Table 4.8  Mean number of preventative measures reported by traders at each of the nine surveyed 
markets in Bali. 
Market Mean (range) p-value 
Amlapuraa 2.4 (0 - 6) 0.572b 
Anyar 1.9 (0 - 5) 
Bale Agung 1.9 (0 - 4) 
Beringkit 2.3 (0 - 5) 
Galiran 2.5 (0 - 5) 
Kediri 2.1 (0 - 4) 
Mengwi 2.9 (0 - 6) 
Seririt 2.2 (0 - 5) 
Umum 3.1 (0 - 6) 
aReference level  
bOne-way ANOVA (F8,186 = 0.835, p = 0.572).  
 
Table 4.9 Mean number of preventative measures reported by traders at each of the eight surveyed 
markets in Lombok. 
Market Mean (range) p-value 
Bertaisa 1.7 (0 - 3) 0.155b 
Gerung 0.9 (0 - 4) 
Kebon Roek 1.2 (0 - 3) 
Masbagik 1.9 (0 - 4) 
Naramada 1.1 (0 - 5) 
Renteng 1.1 (0 - 5) 
Sindu 1.1 (0 - 4) 
Tanjung 1.1 (0 - 2) 
aReference level  
bOne-way ANOVA (F7,210 = 1.54, p = 0.155).  
 
4.3.4! Willingness to report suspected cases of HPAI 
Of the 413 respondents, a total of 408 provided a response to the question pertaining to 
reporting of sudden or suspicious bird deaths (i.e. unexplained sudden deaths of birds of 
no minimum number). The five that elected not to respond were all male respondents 
from Bali, consisting of three vendors and two collectors. 
The trend among all traders was to not report suspicious bird deaths (Table 4.10), 
particularly among traders interviewed in Bali (74%, n = 140) or those with a primary 
school level of education (75% (n = 135). Traders who had completed junior school 
were more willing to report than traders who had completed senior school (Table 4.10). 
Furthermore, seven out of nine respondents who had completed post-secondary school 
studies (included as part of the senior-educated group) stated that they would not report. 
Female traders were also more reluctant to report with 83% (n = 39) saying no, 
compared to 66% (n = 238) of male traders, although the differences were not within 
significant levels (p = 0.058). There were no significant differences in reporting 
behaviour between traders based on trader type, poultry species or volume of birds sold 
(Table 4.10) or between markets in Bali (Table 4.11).  However, reporting behaviour of 
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traders in Lombok was found to differ significantly between markets (Table 4.12) with 
the most positive attitudes found among traders interviewed at Kebon Roek (69%) and 
Tanjung (59%).  
Of 85 (21%) traders who provided details on whom they would inform, 76% (n = 85) 
said they would inform a village official, 12% (n = 10) would report to a government 
animal health worker, 5% (n= 4) to a market manager and 4% (n = 3) would tell a 
veterinarian. In addition, 4% (n = 3) said they would notify an officer but did not 
extrapolate further.  
In addition to the 87 traders who would report suspected HPAI cases, 44 (11%) traders 
also stated that they would ‘possibly report’. More than one third (n = 15) of the 44, 
who were all from Lombok, said they probably would report suspicious bird deaths if 
they knew where to report. Uncertainty of whether to report or not was also due to 
traders not having any previous experience with suspicious bird deaths (14%, n = 6) or 
because they believed it was unlikely to occur in their flocks (9%, n = 4). A further two 
(5%) traders said their decision to report would depend largely on the number of birds 
that died. However, neither of the two traders specified what number of bird deaths 
would need to occur in order for them to feel it deserves reporting.  
Reasons for not wanting to report suspicious bird deaths were similar to those described 
above. Of the 137 Lombok traders who said they would not report, 58% (n = 79) were 
unaware of whom to inform and 18% (n = 25) felt the distance they had to travel to find 
someone to report to made reporting inconvenient.  Not having experienced suspicious 
bird deaths was also a reason for non-reporting in Lombok (12%, n = 16) and six (4%) 
preferred to handle the situation alone (no further details provided). Five (4%) traders 
believed that reporting was unnecessary because they believed that AI was not a 
problem in the type of birds they sold (ducks or chickens), or in Lombok, and three 
(2%) traders were reluctant to report because of potential consequences such as 
“bringing shame”. In Bali, only 27 (19%) of 140 traders provided a reason for not 
wanting to report suspicious bird deaths and 93% (n = 25) of those said it was because 
they had not experienced suspicious bird deaths. One (0.7%) respondent was unaware 
of who deaths should be reported to and there was also one (0.7%) respondent who 
preferred to handle the situation alone. No other traders from Bali provided reasons for 
not wanting to report suspicious bird deaths. 
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Table 4.10 Reporting behaviour of poultry traders interviewed at markets in Bali and Lombok. 
Factors Number (%) of respondents p- value 
Would 
report 
Would not 
report 
Possibly 
would report 
Location      
 Bali  31 (16.3) 140 (73.7) 19 (10.0) 0.046 
 Lombok  56 (25.7) 137 (62.8) 25 (11.5)  
Gender      
 Male  81 (22.4) 238 (65.9) 42 (11.6) 0.058 
 Female  6 (12.8) 39 (83.0) 2 (4.3)  
Education level achieved       
 No formal 25 (22.3) 75 (67.0) 12 (10.7) 0.022 
 Primary school 27 (15.1) 135 (75.4) 17 (9.5)  
 Junior high 
school 
17 (38.6) 22 (50.0) 5 (11.4)  
 Senior high 
school  
18 (24.7) 45 (61.6) 10 (13.7)  
Trader type      
 Vendor 65 (21.4) 211 (69.4) 28 (9.2) 0.208 
 Collector  22 (21.1) 66 (63.5) 16 (15.4)  
Poultry species      
 Chicken  63 (22.5) 188 (67.1) 29 (10.4) 0.655 
 Duck  13 (22.8) 39 (68.4) 5 (8.8)  
 Chicken & duck 11 (15.5) 50 (70.4) 10 (14.1)  
Trader size      
 Hobby  26 (25.5) 71 (69.6) 5 (4.9) 0.192 
 Small  17 (18.3) 61 (65.6) 15 (16.1)  
 Medium  22 (19.8) 79 (71.2) 10 (9.0)  
 Large  22 (21.6) 66 (64.7) 14 (13.7)  
 
Table 4.11 Reporting behaviour of poultry traders (n = 190) interviewed at each of the nine 
surveyed markets in Bali. 
Market Number (%) of respondents p- value 
Would report  Would not 
report  
Possibly 
would report 
Amlapura 4 (12.9) 24 (77.4) 3 (9.7) 0.470a 
Anyar 1 (7.7) 11 (84.6) 1 (7.7) 
Bale Agung 1 (6.2) 11 (68.8) 4 (25.0) 
Beringkit 7 (21.9) 25 (78.1) 1 (3.1) 
Galiran 3 (11.1) 23 (85.2) 1 (3.7) 
Kediri 3 (18.8) 11 (68.8) 2 (12.5) 
Mengwi 6 (30.0) 12 (60.0) 2 (10.0) 
Seririt 5 (18.5) 19 (70.4) 3 (11.1) 
Umum 1 (14.3) 4 (57.1) 2 (28.6) 
aSimulated p-value based on 2000 replicates. 
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Table 4.12 Reporting behaviour of poultry traders (n = 218) interviewed at each of the eight 
surveyed markets in Lombok. 
Market Number (%) of respondents p- value 
Would report  Would not 
report  
Possibly 
would report 
Bertais 3 (27.3) 7 (63.6) 1 (9.1) <0.001a 
Gerung 4 (13.3) 21 (70.0) 5 (16.7) 
Kebon Roek 9 (69.2) 4 (30.8) 0 
Masbagik 6 (24.0) 18 (72.0) 1 (4.0) 
Naramada 9 (23.1) 27 (69.2) 3 (7.7) 
Renteng 6 (11.1) 39 (72.2) 9 (16.7) 
Sindu 9 (31.0) 14 (48.3) 6 (20.7) 
Tanjung 10 (58.8) 7 (41.2) 0 
aSimulated p-value based on 2000 replicates. 
 
4.3.5! Perceptions on the importance of biosecurity in markets 
During the final round of interviews respondents (n = 188) were asked to rate the 
importance of biosecurity in markets on a scale of one (not important) to five (very 
high). Scores ranged between one and four for Lombok and one to five for Bali. 
Biosecurity within live bird markets was perceived to be more important by vendors in 
Bali (Mean = 3.9, IQR = 3.0-5.0) than in Lombok (Mean = 2.4, IQR = 2.0-4.0, 
psim<.001). Vendors with different education levels also perceived biosecurity 
differently. Uneducated vendors rated biosecurity to be of lower importance (Mean = 
2.5, IQR = 2.0-3.0) than vendors with primary (Mean = 3.2, IQR = 2.0-4.0), junior 
(Mean = 3.3, IQR = 2.0-4.0) or senior school level education (Mean = 4.3, IQR = 4.0-
5.0). Similarly, perceptions of biosecurity importance also appeared to increase with 
trader size categories. Large vendors had an average score of 3.7 (IQR = 2.0-5.0) 
compared to a mean of 3.0 for small and medium sized vendors (IQR = 2.0-4.0 and 2.0-
3.0, respectively) and 2.7 (IQR = 2.0-4.0) for hobby-sized vendors. Average scores of 
traders with different education backgrounds and traders of different size categories 
were found to be significantly different (psim = 0.002 and psim <.001, respectively).  
However, there was no significant difference in perceptions of biosecurity importance 
between traders selling chickens (Mean = 3.5, IQR = 2.0-4.0), ducks (Mean = 3.2, IQR 
= 2.0-4.0) or both species (Mean = 3.5, IQR = 2.2-4.0, psim >0.05). 
 
4.3.6! Willingness to implement strategies to improve biosecurity in markets 
Vendors interviewed in the final round of data collection were also asked about whether 
they would be willing to implement strategies to improve biosecurity within markets. 
Nearly half (n = 90) of the vendors said yes. Two and a half times more respondents in 
Bali were willing to implement changes to improve biosecurity in markets than in 
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Lombok (n = 65 vs. 25 with yes responses. p<0.001). Respondents categorized as 
medium or large (based on volume of birds sold) or who had a minimum of a senior 
school education were also more willing to implement changes when compared to 
respondents selling smaller quantities of birds or who were less educated (Table 4.13). 
  
Table 4.13 Willingness to implement measures to improve biosecurity in markets reported by 188 
poultry traders interviewed at live bird markets in Bali and Lombok during final round of 
interviews in 2009. 
Trader category Number (%) of respondents  
Willing Not willing Possibly p-value 
Location      
 Bali (n = 95) 65 (68.4) 19 (20.0) 11 (11.6) <0.001 
 Lombok (n = 93) 25 (26.9) 33 (35.5) 35 (37.6)  
Education      
 None (n = 48) 12 (8.3) 22 (45.8) 14 (29.2) 0.009a 
 Primary (n = 99) 55 (55.6) 22 (22.2) 22 (22.2)  
 Junior (n = 19) 9 (47.4) 4 (21.1) 6 (31.6)  
 Senior (n = 22) 14 (63.6) 4 (18.2) 4 (18.2)  
Poultry species      
 Chicken (n = 117) 59 (50.4) 31 (26.5) 27 (23.1) 0.183 
 Duck (n = 30) 14 (46.7) 5 (16.7) 11 (36.7)  
 Chicken & duck (n = 38) 16 (42.1) 15 (39.5) 7 (18.4)  
Trader size      
 Hobby (n = 44) 18 (40.9) 13 (29.5) 13 (29.5) 0.007 
 Small (n = 31) 10 (32.3) 17 (54.8) 4 (12.9)  
 Medium (n = 54) 31 (57.4) 8 (14.8) 15 (27.8)  
 Large (n = 59) 31 (52.5) 14 (23.7) 14 (23.7)  
aSimulated p-value 
 
More than one-third (n = 33) of vendors in Lombok did not want to implement changes, 
compared to 20% (n = 19) in Bali. Only three (16%) of the 19 respondents in Bali 
provided a reason for why they would not be willing to implement measures to improve 
biosecurity within markets. Two of the three said they felt there was not a problem and 
therefore no interventions were required, and the third felt it was too inconvenient. In 
contrast, 31 (94%) of 33 vendors in Lombok provided a reason for their unwillingness 
to improve biosecurity in markets. The majority (55%, n = 17) were uncertain of what 
would be involved (e.g. cost, time, etc.), which made them reluctant to support 
implementing improvements. One third (n = 11) of the respondents in Lombok who 
provided a reason felt that the responsibility of improving biosecurity belonged to 
market managers or animal health officers rather than to themselves, this was 
particularly true of vendors selling smaller quantities of birds. A further two (6%) 
respondents felt that it was unnecessary to improve biosecurity in markets because they 
believed that HPAI was not an issue in Lombok. One respondent was unwilling to 
improve biosecurity due to concerns about the type of measures that would be 
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implemented and how this would impact on sales. The example given by the respondent 
was the use of facemasks, which had been recommended to him previously (no mention 
of by whom), which he felt were uncomfortable and might deter customers.    
In addition to respondents who were either for or against making changes, there were 
also 46 (24%) respondents, mostly from Lombok (76%, n = 35), who said they might be 
willing to implement strategies to improve biosecurity in markets. Respondents from 
Bali gave no explanations for their uncertainty. Among Lombok respondents, 
willingness largely depended on whether financial assistance and training would be 
provided from the local government or animal health officers (60%, n = 21, or if the 
measures would improve the health of their birds (n = 6, 17%). There were also 
respondents who were willing to implement changes if all traders at the market equally 
participated (9%, n = 3) or if the measures were not too inconvenient (the only example 
provided specifically mentioned wearing face masks as an example of an 
inconvenience.  
 
4.3.7! Influence of information sources on trader knowledge of HPAI 
transmission and prevention 
Analysis of information sources and trader knowledge using multinomial logistic 
regression revealed a positive and statistically significant association between the 
number of information sources reported by respondents and the ability to identify HPAI 
transmission routes and knowledge of preventative measures. These results indicate that 
for every additional source of information a trader is exposed to we should expect to see 
a 50% increase in the number of HPAI transmission routes (OR 1.45, 95% CI: 1.27-
1.65, p<.001) and preventative measures identified (OR 1.53, 95% CI: 1.40-1.66, 
p<.001). Sourcing information by personal communication would be expected to 
increase the likelihood of a respondent being able to identify HPAI transmission 
pathways by 35% (OR 1.35, 95% CI: 1.07-1.69, p = 0.009) and preventative measures 
by nearly 50% (OR 1.47, 95% CI: 1.27-1.71, p<.001) compared to respondents who do 
not receive information from personal communication. However, accessing information 
from television would more than double the chance of a trader identifying HPAI 
preventative measures (OR 2.19, 95% CI: 1.75-2.79, p<.001) and HPAI transmission 
pathways (OR 2.32, 95% CI: 1.65-3.39, p<.001) compared to a trader who did not 
source information from television. 
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4.3.8! Influence of trader knowledge of HPAI transmission and prevention on 
trader practices  
Simple linear regression analyses revealed that trader behaviour scores were strongly 
influenced by the number of information sources reported and their knowledge of HPAI 
transmission and prevention. Every additional source of information a trader is exposed 
to would be expected to result in a two-fold improvement in behaviour score (OR 1.93, 
95% CI: 1.52-2.50, p<.001). Trader scores would be expected to improve by one-third 
(OR 1.33, 95% CI: 1.03-1.70, p = 0.023) for every additional HPAI transmission route 
identified and 50% (OR 1.50, 95% CI:1.34-1.68, p<.001) for every additional 
preventative measure identified. A model comparing the influence of all three 
explanatory variables on trader behaviour scores revealed that information sources (OR 
1.50, 95% CI: 1.16-1.95, p = 0.002) and knowledge of preventative measures (OR 1.43, 
95% CI: 1.25-1.63, p<.001) had similar strong effects on scores but not on knowledge 
of transmission pathways (OR 0.86, 95% CI: 0.66-1.11, p = 0.246).   
 
4.4! Discussion and Conclusions 
4.4.1! Trader knowledge of HPAI transmission and prevention 
The overall low levels of poultry trader knowledge about HPAI transmission and 
prevention found in this study, and the reluctance to report suspected HPAI cases, are 
concerning and may be a contributing factor to the country’s limited success in 
controlling the disease in poultry.  
Other than infected birds, there was limited knowledge of the potential of fomites, 
including vehicles, clothing and footwear, to transmit infection, except amongst some 
collectors and large traders. Studies conducted in other developing countries also 
reported lack of knowledge about HPAI amongst poultry traders and workers (Barennes 
et al. 2007, Abdullahi M 2009, Fasina et al. 2009). 
In contrast, where there had been greater government intervention following outbreaks, 
and more effective communication between public health and animal health agencies at 
the sub district and village level, there was a broader knowledge of how to prevent 
HPAI transmission amongst respondents, particularly in Bali (Hunter et al. 2014). 
Vaccination of poultry was not considered to be necessary for the prevention of HPAI, 
except among some traders selling both chickens and ducks. Less emphasis has been 
placed on vaccination as a HPAI control measure in Bali and Lombok compared to 
other control measures such as culling (Simmons 2006b), which may explain why few 
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traders mentioned vaccination as a preventative measure. Considering knowledge of 
preventative measures among traders was better than their understanding of HPAI 
transmission suggests that traders have been exposed to appropriate biosecurity 
practices or have gained knowledge of how to prevent disease in their poultry through 
experience but have limited knowledge of how HPAI is transmitted or spread. 
Education status appeared to be a major factor in the depth of respondents’ knowledge 
on HPAI and biosecurity, as confirmed by a number of other studies (Barennes et al. 
2007, Fasina et al. 2009, Kuo et al. 2011, Yu et al. 2013). This may explain why Bali 
respondents, collectors and large traders, who were better educated and had more 
exposure to AI information, had higher levels of knowledge than other trader categories.  
Findings from this study also indicate that exposure to AI information exerts a 
significant influence on trader knowledge and in turn on trader practices. Regression 
analysis revealed that every additional source of information provided can be expected 
to increase in trader’s knowledge of HPAI transmission and prevention by 50%, which 
may explain why Bali respondents, collectors and large traders, who all had greater 
access to HPAI information, appeared to have a better understanding of how HPAI can 
enter markets and of how to prevent the disease. Exposure to AI information and 
knowledge of HPAI and biosecurity were also found to have a strong positive effect on 
trader behaviour. 
Despite this, there is also some evidence to suggest that not all AI information is 
effective. For example, 90% of respondents had been exposed to at least one source of 
information, but 40% of all poultry traders were unable to identify how HPAI is 
transmitted and nearly one-third had no knowledge of how to prevent birds from 
becoming infected. Dairo and Elelu (Dairo et al. 2013) also reported similar findings, 
suggesting that the content or medium of information transfer is also important. 
Findings from this study suggest that delivering messages via intermediaries (e.g. 
village heads, local farmers and traders) is an effective medium of information transfer. 
An earlier study showed that personal communication may be more effective at 
transferring information than mass media or government communication programs 
(Guerne Bleich et al. 2009). However, findings from this study demonstrated that 
television might be a highly effective medium for educating traders and improving 
awareness of HPAI, and may explain why traders selling chickens and ducks, who had 
more access to AI information from TV, had better knowledge than duck traders. 
Nevertheless, it does not explain why the knowledge of chicken traders, who had 
similar exposure levels to TV as traders selling both species, was not as high. In light of 
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the fact that no other significant differences were identified that could explain the higher 
level of knowledge of traders selling both species, compared to chicken traders, it is 
difficult to interpret the findings from this study alone, and this warrants further 
investigation.  
The results of this study also indicated that trader behaviour was strongly influenced by 
knowledge of HPAI transmission and prevention supporting findings reported in other 
studies (Di Giuseppe et al. 2008, FAO 2009, Kuo et al. 2011). For every additional 
known transmission pathway or preventative measure, trader behaviour could be 
improved by 30-50%. Increasing the variety of sources from which traders obtain 
information could result in two-fold improvement in preventative behaviour. Therefore, 
the importance of educating traders on HPAI and biosecurity cannot be understated. 
Introducing training courses specifically for traders would also provide opportunities for 
them to share information and experiences. Given the mix of ages, gender and education 
levels encountered amongst Bali and Lombok traders, and the differences in their 
knowledge of HPAI and biosecurity, it would be advisable to run training courses in 
peer groups so that the more educated and more HPAI experienced traders can share 
their knowledge and experiences with others. Education and training needs to focus on 
reinforcing existing practices in Bali and on introducing new practices in Lombok. This 
would help to facilitate the flow of practical and credible information by word of mouth 
from trader to trader. 
 
4.4.2! Reporting behaviour  
This study also demonstrates that being educated and having knowledge of HPAI 
transmission and prevention does not lead to better reporting behaviour. Respondents 
who had completed senior school or post-secondary studies were no more likely to 
report suspicious or sudden bird deaths than uneducated traders, which corresponds to 
findings from other studies that indicate that education and knowledge do not always 
translate into adopting consistent recommended protective measures (Abbate et al. 
2006, Fasina et al. 2009, Neupane et al. 2012, Yu et al. 2013). The low levels of 
willingness to report suspected HPAI cases found in this study may be due to the 
frequent occurrence of poultry deaths in Indonesia meaning that poultry mortalities are 
considered normal and it is therefore difficult for traders or farmers to determine if 
illnesses or deaths are due to HPAI or something else (Guerne Bleich et al. 2009, Alders 
et al. 2014). Fear of authority, possible penalties and lack of compensation can also 
influence people’s willingness to report suspected HPAI cases (Barennes et al. 2007, 
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Schiffer et al. 2008). However, engaging poultry traders in educational activities with 
health authorities could help to build relationships and trust (Schiffer et al. 2008, 
Manabe et al. 2012, Samaan et al. 2012). The fact that traders in Bali were less willing 
to report than in Lombok may also be an indication that Bali traders have experienced 
negative consequences from reporting in the past. Reluctance and uncertainty 
surrounding reporting in Lombok was largely a result of traders not knowing where to 
report suggesting that overall reporting behaviour of traders in Lombok could be 
improved if this information was provided.  
 
4.4.3! Trader perceptions toward biosecurity 
Another interesting difference between Bali and Lombok identified in this study was 
trader perceptions toward biosecurity. Although the final two questions were presented 
only to vendors, our findings demonstrate that vendors in Bali view biosecurity to be 
more important than in Lombok. The higher importance Bali traders place on 
biosecurity and their greater willingness to take steps to improve biosecurity in markets 
could be the result of being more informed about preventative measures compared to 
Lombok traders. However, it could also be because Lombok traders do not see HPAI as 
a problem on their island or in the species of birds they sell. Perceptions toward 
biosecurity and willingness to make changes were also found to be more positive among 
traders with better education levels and traders selling larger quantities of birds. 
Considering that large traders were in general more educated, better education levels 
might be one possible explanation for their more positive attitude toward biosecurity. 
However, it is also possible that traders selling larger quantities of birds have more at 
stake and therefore place more emphasis on disease prevention than traders selling small 
quantities of birds. The study could have been improved by asking respondents follow-
up questions about what type of interventions they would be willing to adopt as it 
appears as though reluctance of some vendors was due to not knowing what would be 
involved.  
As Naysmith (Naysmith 2014) emphasised, people have to actually believe that there is 
a significant threat to the health of birds and humans to see a genuine reason to change 
(evident by the differences between Bali and Lombok respondents). Recommended 
preventative strategies have to consider the many subtle social, economic and cultural 
perceptions of HPAI risk and people’s ability to change behaviour (Azhar et al. 2010, 
Alders et al. 2014). For example, Naysmith’s (Naysmith 2014) reporting of Bali poultry 
trader reluctance to wear face masks and gloves for fear that their customers will think 
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that they or their birds are unhealthy is highly rational from a business perspective. 
Likewise, the belief that birds from Java were the only source of infection and not Bali 
chickens, was based on cultural divisions, further reinforced by government regulation 
to disinfect only selling areas occupied by Javanese traders (Naysmith 2014). 
Working with such social, economic and cultural realities requires a multi-faceted and 
multi-sectoral approach over a long period of time to lead to sustained implementation 
of preventative measures. A combination of regulation, education and economic 
incentives is needed. Regulatory measures such as rules, surveillance and penalties have 
been more effective when developed in consultation with traders and farmers (Barennes 
et al. 2007, Azhar et al. 2010, Samaan et al. 2012). As Alders et al. (Alders et al. 2014) 
reported, strict regulation of live bird markets without adequate consultation with 
traders can result in parallel trading of birds in ad hoc markets, which can contribute to 
further spread of the disease. Compensation for culled birds can also reduce the 
perceived disadvantages of reporting sick or dead birds (Hunter et al. 2014) but the 
price has to match market price and be equitable and sustainable (Alders et al. 2014). 
Regulatory measures are also more likely to be adopted if live bird market infrastructure 
is improved at the same time as regulations are introduced (Samaan et al. 2012). 
 
4.4.4! Limitations 
Several important limitations of this study need to be taken into consideration when 
interpreting the findings described here. Firstly, bias may have been introduced into the 
study by assuming that respondents were aware of the existence of HPAI as a disease of 
poultry and that it can also cause disease in humans. Truthfulness of responses or 
misinterpretation of the questions or terms may also introduce bias into the study, as 
discussed in the previous chapter. It is possible that respondents did not list every single 
source of information or every transmission pathway or preventative measure. 
Therefore it is possible that traders have had higher levels of exposure to information 
and better knowledge than our findings demonstrate. Furthermore, trader knowledge 
was based on a single question on HPAI transmission and one question on prevention. 
Eliciting details of trader knowledge on bird-to-human transmission and how they 
perceive HPAI compared to other poultry diseases, or asking follow-up questions to 
extract further information, would have enhanced the findings and provided data to 
compare with previous studies investigating trader knowledge. However, given the total 
number of questions and total length of time interviews took, adding further questions 
and prolonging interviews even further may have had a negative impact on our response 
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rate, which was very high. One final point worth mentioning is that the study did not 
assess the accuracy of ‘word of mouth’ communication. 
  
4.4.5! Conclusions 
In conclusion, findings from this study indicate that traders have varying degrees of 
knowledge and perceptions toward HPAI and biosecurity, which are largely dependent 
on their education and exposure to AI information, thus warranting further investigation 
to fully understand these differences. Given the low level of HPAI knowledge amongst 
poultry traders in live bird markets in Bali and Lombok, despite high exposure to 
information sources, greater efforts are needed by multidisciplinary teams to engage 
local government, market managers and traders in education programs, regulatory 
measures and incentive mechanisms. Furthermore, information needs to be presented in 
a manner that is easily understood by people of all education levels in order to be more 
effective. The high response rate and willingness of many traders to change behaviour 
demonstrates that an opportunity exists to engage with traders to improve the 
biosecurity situation at live bird markets with education and the support of local animal 
health workers and village leaders. 
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Chapter 5:!Social network analysis of the movement of 
poultry to and from live bird markets 
5.1! Introduction 
Live poultry plays an integral role in the daily life of Indonesians both socially and 
culturally (Forster 2009). The trading of live birds also provides a primary source of 
household income for many traders in both Bali and Lombok who sell anywhere 
between one and ten thousand birds per day (Chapter 3). These factors drive the 
dynamics of the live poultry trade, resulting in multiple transactions taking place across 
many markets and villages prior to poultry reaching their final destination as indicated 
from the findings of the Chapter 3.  
Transmission of avian influenza viruses relies on some form of contact either directly 
between birds or indirectly through sharing of equipment, movement of people and 
vehicles (FAO-OIE-WHO 2008). The marketing of poultry through live bird markets 
(LBMs) provides an abundance of opportunities for both direct and indirect forms of 
contact to occur (Chapters 2 and 3), facilitating the persistence and circulation of avian 
influenza viruses throughout Bali and Lombok. 
Knowledge of the type and magnitude of contacts between the various poultry market 
players enables animal health authorities to develop a better understanding of factors 
influencing virus transmission between villages (Kiss et al. 2006). Currently, 
information is limited to the types and frequencies of contacts that exist between live 
bird markets and poultry traders in Bali and Lombok, and how these contacts might 
influence or act as pathogen transmission routes. This information could be useful in 
identifying villages and markets that are at a greater risk of dispersing infectious 
material throughout a network.  
In order to establish a network of contacts, information on the movement of poultry 
between markets and villages is required. This can be achieved through the use of social 
network analysis (SNA). In an animal health context this technique allows patterns of 
contacts to be described and quantified, enabling one to understand how they may aid or 
inhibit the spread of disease. In recent years, SNA has been used in avian influenza 
research to investigate associations between poultry trade networks and trader practices 
in Cambodia (Van Kerkhove et al. 2009) poultry trade networks and HPAI H5N1 
outbreaks in Vietnam (Soares Magalhães et al. 2010) and China (Martin et al. 2011) and 
in the identification of high risk players in backyard poultry industry in Thailand 
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(Poolkhet et al. 2013). Social network analysis is also a useful tool to identify markets 
that pose a greater threat in terms of disease transmission potential as demonstrated by 
Fournie et al. (Fournie et al. 2013).  
With this background, the aim of this study was to use social network analysis to 
investigate the movement patterns of poultry to and from live bird markets in Bali and 
Lombok, and to describe the topology and network of contacts between villages. This 
will allow for a better understanding of the potential for transmission of disease arising 
from movement of birds between villages and markets. Information gathered from 
studies of this type can be used to identify highly connected nodes (i.e. village and 
markets) within each network. Based on the biologically plausible assumption that 
highly connected nodes are more likely to either receive or distribute infection, these 
locations can be preferentially be targeted for surveillance (Stark et al. 2006).   
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5.2! Materials and Methods 
5.2.1! Key metrics of social network analysis 
5.2.1.1! Degree centrality and centralisation 
Network centralisation provides a measure of heterogeneity by summarising the 
centrality indices of all nodes, whereas node centrality measures provide an insight into 
the importance or position of individual nodes within the network. Centralisation 
indices range between 0 and 1. A score of 0 indicates that all nodes have exactly the 
same centrality index and the differences between the largest value and the rest cancel 
out (complete graph). A score of 1 means that one node dominates the network 
completely (producing a star graph). A large centralisation index implies that a single 
node in the network has connections with many other nodes, but that the remaining 
nodes are not linked to each other. As mentioned above, both networks generated in this 
study were directed and we therefore distinguish between ‘in-degree’ (incoming 
movements) and ‘out-degree’ (outgoing movements). Absolute values of degree 
represent the number of movements recorded for a given node.  
 
5.2.1.2! Betweenness 
Betweenness is another measure of the centrality of individual nodes in a network but 
rather than focusing on the number of links of a node (i.e. degree), it quantifies the 
frequency with which a node falls between pairs of other nodes on the geodesic 
(shortest) path connecting them. It provides an indication of the amount of network flow 
that a given node ‘controls’, assuming that movement occurs via the shortest path from 
one node to another. Betweenness takes into account the connectivity of a node's 
neighbours, giving a higher value for nodes which bridge clusters. The measure reflects 
the number of other nodes that a single node is connecting indirectly, through their 
direct links. 
5.2.1.3! Network topology 
The observed networks were compared with randomly generated networks based on the 
Erdös and Rényi random graph theory (Erdos 1960) to determine whether they 
displayed properties of small world networks. In small world networks the majority of 
nodes can reach other nodes in a small number of steps without actually being 
neighbours. Such networks are characterised by short geodesic distances and large 
clustering coefficients, compared with random networks of equivalent size. 
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5.2.2! Definitions 
Betweenness: frequency with which a node falls in the shortest path (i.e. least number 
of nodes) between two other nodes. In other words, betweenness can be considered to 
be a measure of a location’s role as a ‘bridge’ within a network. Betweenness provides 
an indication of the amount of flow within the network that is ‘controlled’ by a node. 
Betweenness centralisation: provides an overall measure of the disparity in the 
centralised roles of nodes in the network. Higher values indicate the presence of large 
numbers of nodes that act as mediators. 
Clustering coefficient: a measure of the overall ‘connectedness’ of a network graph. It 
represents the density of triangles in the network. In a complete network where all 
vertices are connected to each other the clustering coefficient will be 1. 
Cohesion: refers to the connectedness of a network graph. A connected network may 
have many paths between pairs of nodes; many nodes with a large degree; or very short 
paths between pairs of nodes. 
Degree: number of contacts from which a node receives material (in-degree) or 
distributes material (out-degree).  
Degree centralisation: a large in-degree centralisation score means that a small number 
of nodes in the network receive material from many other nodes, but the remaining 
nodes are not tied to each other. A large out-degree centralisation score means that a 
small number of nodes in the network send material to many other nodes, but the 
remaining nodes are not tied to each other. 
Density: the number of links present in the network, expressed as a percentage of the 
number of ordered or unordered pairs. In other words, it is the proportion of all possible 
links that are actually present in the network.  
Diameter: the number of links in the largest path between two nodes and provides an 
indication of how large the network is. 
Fragmentation: the proportion of pairs of nodes in a network that is unreachable. This 
measure describes how disconnected a network is. 
Geodesic distance: a measure of the average number of ‘jumps’ that need to be taken to 
get from one location to another. 
Node: a discrete individual or location (e.g. farm, market or village) 
Normalised degree: number of contacts to a node divided by the maximum number of 
possible contacts. 
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Reachable pairs: a node is ‘reachable’ by another if there exists any set of connections 
by which one can trace from the source to the target node, regardless of how many 
others fall between them. 
Proportion of reachable pairs: the number of reachable pairs divided by the network 
size. 
Scale-free network: degree distribution is highly skewed, meaning most nodes have few 
links but a few have many. 
Size: the total possible number of unique pairs of nodes. 
Small world network: also known as small world phenomena or ‘six degrees of 
separation’. A small world network is highly clustered with short path lengths and 
represents many ‘real world’ networks. 
Tie or link: a linkage connecting two nodes (i.e. a movement event occurring between 
two locations. Links can be directed (occurring in a single direction) or undirected 
(occurring in both directions). 
 
5.2.3! Study location and respondents 
Details of the study location and eligible population are outlined in Chapter 2 and 
Chapter 3, respectively.  
5.2.4! Questionnaire 
The information required to complete the SNA was obtained from the surveys 
conducted in Bali and Lombok, outlined in Chapter 3. This included details of the 
village(s) from where the birds being sold originated and the village(s) to which the 
unsold or purchased birds were taken.  
5.2.5! Data management and analysis 
Data from the interviews were entered into a relational database (Microsoft Office 
Access 2003). The database contained three groups of tables: (1) poultry sellers, (2) 
poultry purchasers, and (3) village locations. Contacts were defined by the direction of 
poultry movement, either to or from a market, and the village of origin or destination. 
The interview responses from the database were exported to a statistical package for 
analysis (UCINET v6.137 Analytic Technologies Inc., Harvard, Massachusetts, USA). 
Descriptive analysis of the data consisted of summary statistics of surveyed participants 
stratified by direction of movement (to or from a market) and location (source or 
destination of poultry). Distances travelled by respondents transporting live birds to and 
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from markets were also calculated using coordinates of village and market locations 
provided in the interview responses. 
The names of each of the villages cited by the respondents were cross-matched with 
digital maps of village and town locations in Bali and Lombok using a Geographic 
Information System (GIS). In the event that coordinates for a village provided by the 
respondent were not available, those of the nearest village were used. Given that 
villages of the same name are found in multiple districts throughout each island, 
coordinates of duplicate villages closest to the interviewed market were used based on 
the assumption that traders and customers are likely to buy and sell poultry closest to 
their home village (FAO 2004b). Each movement event was comprised of the identifier 
of the village or market initiating the movement and the identifier of the village or 
market receiving the movement. The latitude and longitude for each source-destination 
pair were used to calculate the Euclidean movement distance (expressed as kilometres) 
using the Fields package in R (Nychka et al. 2015). 
The presence of a recorded movement event between markets and villages, and the type 
of respondent (trader vs. customer) allowed us to construct a network of contacts. Using 
this approach, markets and villages formed the nodes of the network and the stated 
movement of live poultry from one node to another formed the ties (i.e. links). Under 
the assumption that ties between markets and villages were not reciprocal, all contact 
networks were treated as directed (i.e. movements have a direction). 
Contact networks were constructed for movements relating to the sale or purchase of 
live poultry. Each network was described in terms of:  
(1)!number of nodes and directed links;  
(2)!network size, diameter and density and  
(3)!number of reachable pairs of nodes and the proportion of pairs that were 
reachable.  
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The following parameters were calculated for each node of the network and summarised 
for the entire network, using frequency histograms and descriptive statistics: 
(1)!in- and out-degree,  
(2)!in- and out-degree centralisation,  
(3)!betweenness,  
(4)!geodesic distance and  
(5)!network clustering coefficient.  
Network diagrams were constructed for each of the two networks.  
 
5.3! Results  
5.3.1! Respondents 
A total of 413 live poultry traders and 134 customers were interviewed as outlined in 
Chapter 3. Of these, source and destination information was elicited from a total of 380 
(92%) traders and 124 (93%) customers.  
5.3.2! Network size 
The two networks created for the movements of live poultry to and from live bird 
markets in Bali and Lombok (Figure 5.1, Figure 5.2, Figure 5.3, Figure 5.4) were 
comprised of 140 and 142 nodes, respectively. The total number of possible links (i.e. 
size) was similar between the two networks (19182 vs. 20022 for Bali and Lombok, 
respectively).  
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Figure 5.1 Network graph created for Bali. Red nodes represent surveyed markets. Villages 
represented by blue nodes. 
 
Figure 5.2 Bali network projected onto geographical map of Bali. 
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Figure 5.3 Lombok network. Red nodes represent markets and blue nodes are villages. 
 
 
Figure 5.4 Lombok network projected onto map of Lombok. 
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5.3.3! Centrality 
5.3.3.1! Degree 
Although both networks were directed (i.e. movements have a direction) the numbers of 
incoming and outgoing movements within each network were the same (n = 373 and 
880 for Bali and Lombok, respectively) and consequently the mean in- and out-degree 
were also equal within each network (2.68 and 6.20, respectively). However, nodes with 
a null in-degree (i.e. villages that did not receive poultry from any other village) 
outnumbered those with a null out-degree (i.e. not distributing material to any other 
node) for both the Bali (n = 82 vs. 26) and Lombok networks (n = 82 vs. 25). Hence the 
majority of nodes within each network had at least one out-going and no incoming 
poultry movements, and only few had a large number of incoming movements 
compared to outgoing movements. 
Node in- and out-degree centrality indices for networks generated for Bali and Lombok 
both showed a skewed distribution (Figure 5.5 and Figure 5.6, respectively). Incoming 
movements varied more widely than outgoing, indicated by the higher in- vs. out-degree 
centralisation values obtained for both networks (Table 5.1). The maximum number of 
incoming movements recorded for a single node was 2.4 times greater for Lombok than 
for Bali (n = 125 vs. 52).  The Lombok network also displayed greater variation in 
incoming movements compared to the Bali network, as indicated by the higher 
normalised values for the mean (0.04 vs. 0.02, respectively) and range of in-degree 
scores (0 – 0.38 vs. 0 – 0.89). Normalised out-degree centralisation values and range of 
out-degree scores showed a similar pattern (Table 5.1).  
Normalised values for in- and out-degree were plotted against each other for the two 
networks (Figure 5.7 and Figure 5.8) to determine whether relationships exist between 
the number of incoming and outgoing movements among nodes. Plots for each 
generated network indicated that a correlation exists but only among market nodes. To 
evaluate this further node in-and out-degree indices were analysed using the Spearman’s 
rho test. The resultant R-values for Bali (R = -0.10, p = 0.241) and Lombok (R = 0.31, 
p<0.001) indicate weak correlations between in- and out-degree. A stronger positive 
correlation was identified between in- and out-degree among market nodes, which were 
similar for Bali (R = 0.69, p = 0.040) and Lombok (R = 0.65, P>0.05). The correlation 
between in- and out-degree among market nodes was not significant for the Lombok 
network. 
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Figure 5.5 Histogram of normalised in-degree frequency for Bali and Lombok networks. 
 
 
 
Figure 5.6 Histogram of out-degree frequencies for Bali and Lombok networks. 
0
50
100
0.00 0.25 0.50 0.75
Normalized in−degree
co
un
t Island
Bali
Lombok
0
20
40
60
80
0.0 0.1 0.2 0.3 0.4
Normalized out−degree
co
un
t Island
Bali
Lombok
 180
 
Figure 5.7 Scatterplot of in-degree versus out-degree of nodes within the Bali network. 
 
 
Figure 5.8 Scatterplot of in-degree versus out-degree of nodes within the Lombok network. 
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5.3.3.2! Betweenness 
Although normalised mean betweenness for both networks were similar (0.00 vs. 0.01, 
for Bali and Lombok, respectively) the maximum betweenness value and betweenness 
centralisation index calculated for the Lombok network were both five times greater 
than for the Bali network (Table 5.1). Plots of normalised betweenness versus total 
degree (Figure 5.9 and Figure 5.10) indicate positive correlations exist for both 
networks, with a stronger association between the two for the Lombok network. This 
was further demonstrated using the Spearman’s rho test, producing R-values of 0.54 
(p<.001) and 0.73 (p<.001) for Bali and Lombok, respectively. The association between 
degree and betweenness for markets was stronger in Lombok (R = 0.87, p = 0.004) but 
not in Bali (R = 0.48, p>0.05).  
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Table 5.1 Summary statistics for the Bali and Lombok networks. 
Parametera Bali Network Lombok network 
Network size   
   Number of nodes 139 142 
   Number of directed links 373 880 
   Size 19182 20022 
   Diameter 6 8 
Measures of centrality   
   Mean in-degree (range) 2.68 (0 - 52) 6.20 (0 - 125) 
   Mean out-degree (range) 2.68 (0 - 33) 6.20 (0 - 61) 
   Normalised mean in-degree (range) 0.02 (0 - 0.38) 0.04 (0 - 0.89) 
   Normalised mean out-degree (range) 0.02 (0 - 0.24) 0.04 (0 - 0.43) 
   In-degree centralisation 0.36 0.84 
   Out-degree centralisation 0.22 0.39 
   Mean betweenness (range) 25.46 (0-651) 111.50 (0 - 3259) 
   Normalised mean betweenness (range) 0.00 (0-0.03) 0.01 (0 - 0.17) 
   Betweenness centralisation 0.03 0.16 
Measures of cohesion   
   Density (directed) 0.02 0.04 
   Mean geodesic distance (mode) 3.79(4) 2.69 (3) 
   Number of reachable pairs  2292 8035 
   Proportion of reachable pairs 10.9% 40.0% 
   Clustering coefficient 0.16 0.40 
   Distance-based cohesion 0.04 0.16 
   Distance-weighted fragmentation 0.96 0.84 
aDefinitions of parameters provided in Section 5.2.1. 
 
 
Figure 5.9 Scatterplot of betweenness against total degree (normalised) of nodes within the Bali 
network. 
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Figure 5.10 Scatterplot of betweenness against total degree (normalised) of nodes within the 
Lombok network. 
 
5.3.4! Influential nodes based on centrality measures 
5.3.4.1! Bali network 
In the network created for Bali, Beringkit market recorded the greatest number (n = 52) 
of incoming movements (i.e. in-degree). Of the 52 incoming movements 12% (n = 6) 
originated from within the same village, whilst 46% (n = 24) were from unique 
locations (i.e. unique contacts). Mengwi market also recorded a similar in-degree (50) 
and number of unique contacts (n = 22, 44%), although nearly twice as many (n = 11, 
22%) that had originated from the same location. Of the nine markets surveyed in Bali, 
Anyar market had the greatest proportion of incoming movements from unique 
locations (16/20, i.e. 80.0%). The proportions of incoming movements from unique 
contacts for the remaining markets were similar to Beringkit and Mengwi (Table 5.2). 
Incoming movements recorded for non-market nodes were relatively small in 
comparison, ranging between one and four. 
The highest number of outgoing movements recorded for any location was 33 
originating from Kediri village. However 42% (n = 14) of those movements were within 
the same village and only 15% (n = 5) were to unique outgoing contacts, the lowest 
proportion among all nine markets. Mengwi and Beringkit markets also had relatively 
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high out-degree scores of 30 and 25, respectively and with higher proportions of 
movements to unique contacts (30% and 40%, respectively) than Kediri. For the 
majority of the remaining markets, at least three quarters of outbound movements were 
to unique contacts and 100% of outgoing movements from Bale Agung market went to 
different locations. Outgoing movements for non-market nodes ranged between one and 
ten.  
Movement events between individual locations were relatively small in number (<5). 
However, there were greater numbers of movements occurring between three of the 
surveyed markets. Kediri market had seven recorded movements to Mengwi market but 
only one in the opposite direction. Similarly, the number of movements from Kediri to 
Beringkit market (n = 10) was greater in the reverse direction (n = 2). The total number 
of movements between Mengwi and Beringkit was 19, the most recorded between two 
locations in the Bali network and 58% (n = 11) of those originated from Mengwi. In 
addition, there were three non-market nodes that recorded high movement events. Two 
of the three nodes had an out-degree of 10. One supplied material to Beringkit, Kediri 
and Mengwi markets and the other node recorded nine movements to Amlapura market. 
All nine movements of the third non-market node went to Seririt market.  
In contrast to node degree, high betweenness values were identified for both market and 
non-market nodes. The largest values within the Bali network belonged to markets 
Galiran and Amlapura, Beringkit and Bale Agung (Table 5.7). Nodes 53 and 103 were 
found to have similar betweenness to Seririt (219, 212 and 203, respectively). Anyar 
and node 128 were nearly identical (105 and 107, respectively). Umum had very low 
betweenness (6), less than five non-market nodes.  
 
Table 5.2 Movements occurring to and from each of the nine surveyed markets in Bali. 
Market In-degree Unique 
inbound 
contacts (% 
of total) 
Out-degree Unique 
outbound 
contacts (% 
of total) 
Betweenness 
Amlapura  44  21 (47.7) 8 6 (75.0) 569 
Anyar 20 16 (80.0) 4 3 (75.0) 105 
Bale Agung 22 12 (54.5) 8 8 (100.0) 435 
Beringkit  52 24 (46.2) 25 10 (40.0) 442 
Galiran  41 24 (58.5) 10 8 (80.0) 651 
Kediri 35 17 (48.6) 33 5 (15.2) 121 
Mengwi  50 22 (44.0) 30 9 (30.0) 253 
Seririt 33 15 (45.5) 15 6 (40.0) 203 
Umum  7 4 (57.1) 3 2 (66.7) 6 
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5.3.4.2! Lombok network 
Renteng market recorded 125 incoming movements, the highest among all 17 surveyed 
markets, with 30% (n = 38) originating from unique locations. Narmada market also 
recorded a large number of incoming movements (n = 116) and similar proportions 
from unique locations (37%, n = 43). The remaining markets had lower in-degree values 
but similar proportions of unique contacts to Narmada (Table 5.3). 
In contrast to findings for in-degree, high out-degree scores were not exclusively 
recorded among market nodes. Five non-market nodes had out-degree scores ranging 
between 28 and 39, which was similar or greater than seven of the eight surveyed 
markets (Table 5.3). The single exception was Narmada market, which had 61recorded 
outbound movements to a total of 28 (46%) unique contacts. The number of non-market 
nodes with similar or higher our-degree than Kebon Roek and Tanjung markets (out-
degree = 8 and 15, respectively) was even greater with a total of 19. The proportions of 
unique outbound contacts for each market ranged between 33% and 75% (Table 5.3). 
Five of the eight surveyed markets in Lombok had betweenness values that were greater 
than non-market nodes (i.e. >980). Narmada and Renteng, which had high in- and out-
degree, were also found to have high betweenness values (3259 and 2406, respectively). 
One non-market node had a betweenness value of 955, which was greater than values 
obtained for Bertais and Tanjung markets (955 and 761, respectively) and three non-
market nodes had greater betweenness than Kebon Roek with a value of 348.  
 
Table 5.3 Movements occurring to and from each of the eight surveyed markets in Lombok. 
Market In-degree Unique 
inbound 
contacts (% 
of total) 
Out-degree Unique 
outbound 
contacts (% 
of total) 
Betweenness 
Bertais 51 20 (39.2) 32 15 (46.9) 636 
Gerung 79 24 (30.4) 31 13 (70.8) 1062 
Masbagik 76 32 (42.1) 24 17 (50.0) 2406 
Narmada 116 43 (45.9) 61 28 (45.9) 3259 
Renteng 125 38 (30.4) 27 13 (48.1) 2088 
Sindu 77 27 (35.1) 23 14 (60.9) 981 
Tanjung 34 14 (41.2) 15 5 (33.3) 761 
Kebon Roek 23 11 (47.8) 8 6 (75.0) 348 
 
5.3.5! Network cohesion and topological features 
The density values for both generated networks were low as only 2% of all possible 
directed links in the Bali network were actually present and 4% in the Lombok network. 
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Although the cohesion score for the Lombok network was four times as high as the Bali 
network (0.40 vs. 0.16), both values were also relatively low overall. Both networks had 
similar high fragmentation scores (0.84 and 0.96 for Lombok and Bali, respectively) 
and highly skewed degree distributions (Figure 5.11 and 5.12). The total number of 
reachable pairs of nodes within the Lombok network was 8035 representing 40% of all 
possible pairs, which was 3.5 times as many as in the Bali network (2292, 11%). 
Furthermore, the average number of nodes that could reach other nodes was 56.8 in in 
the Lombok network compared with 15.4 in the Bali network. However the proportion 
of nodes that had zero reachability (i.e. could not reach any other node) was similar 
between Bali (19%, n = 26) and Lombok (18%, n = 25).  
Geodesic distances between pairs of reachable nodes varied more widely in the Bali 
network (Figure 5.13) resulting in a larger mean geodesic distance of 3.79 compared to 
2.69 for the Lombok network. Mode values for geodesic distance indicate that most 
nodes within the Lombok network could be reached within three ‘jumps’ compared to 
four in the Bali network. However, the clustering coefficient for the Bali network was 
relatively small compared with the Lombok network (0.16 vs. 0.40). A random 
(directed) network of similar size to the Bali network produced a mean geodesic 
distance of 4.8 and a clustering coefficient of 0.02. The mean geodesic distance and 
clustering coefficient for a random (directed) network of similar size to the Lombok 
network was 3.0 and 0.04, respectively.  
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Figure 5.11 Cumulative distribution of degree among nodes within the Bali network 
 
 
 
Figure 5.12 Cumulative distribution of degree of nodes within the Lombok network. 
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Figure 5.13 Frequency of geodesic distances within the Bali and Lombok networks. 
 
5.3.6! Movement distances 
The range of poultry movement distances was similar for Bali (0 – 112 km) and 
Lombok (0 -122 km). However, respondents in Bali travelled, on average, shorter 
distances than in Lombok (Mean = 10.2 vs. 12.2 km, p = 0.02). Median distance 
travelled by Bali respondents was also shorter (Median = 5.3 km, IQR: 2.3-12.2 km) 
compared with Lombok (Median 8.6 km, IQR: 4.6-15.9 km). Comparison of distances 
travelled between respondent categories showed that customers on average travelled 
shorter distances (Mean = 7.9 and 8.3 km for Bali and Lombok, respectively) compared 
to vendors (Mean = 10.4 and 12.4, respectively) and collectors (Mean = 11.4 and 13.6, 
respectively). Differences in movement distances for respondent categories were 
significant in Lombok (F2,877 = 7.90, p<.001) but not in Bali (F2,370 = 1.08, p>0.05). 
Post-hoc analysis identified significant differences in the average distances travelled 
between vendors and customers (p = 0.003) and collectors and customers (p<.001) but 
not between vendors and collectors (p.0.05). 
Village-to-market (Median 7.7 km, IQR: 3.2-13.4 km) and market-to-village 
movements (Median 7.7 km, IQR: 4.6-14.1 km) in Lombok were almost identical. 
However the maximum distance travelled in Lombok was greater for market-to-village 
movements (105 km vs. 6.6 km). In contrast, maximum distances travelled in either 
direction in Bali were the same (112 km), whilst village-to-market distances (Median = 
0
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5.3 km, IQR: 2.6-11.7 km) were slightly longer than market-to-village movements 
(Median = 3.5 km, IQR: 0.0-3.9 km).  
 
Figure 5.14 Village to market movement distances in Bali. Markets: Amlapura (A), Anyar (B), Bale 
Agung (C), Beringkit (D), Galiran (E), Kediri (F), Mengwi (G), Seririt (H) and Umum (I). 
 
Figure 5.15 Market to village movement distances in Bali. Market labels as indicated in Figure 5.14 
legend. 
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Figure 5.16 Village to market movement distances in the Lombnok network. Markets: Bertais (A), 
Gerung (B), Kebon Roek (C), Masbagik (D), Narmada (E), Renteng (F), Sindu (G) and Tanjung 
(H). 
 
Figure 5.17 Market to village movement distances in the Lombok network. Market labels as 
indicated in Figure 5.16. 
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Comparison of distances travelled either to or from each of the surveyed markets 
showed greater variation in village-to-market compared to market-to-village movements 
in both the Bali (Figure 5.14 and Figure 5.15, respectively) and Lombok (Figure 5.16 
and Figure 5.17) networks. Interestingly, the markets within each network that 
displayed wide variation in village-to-market distances (Anyar and Kebon Roek) also 
had the smallest difference in market-to-village movement distances. Distance ranges 
were smallest for Mengwi and Renteng markets.  
Off-island movements were recorded for both Bali and Lombok. One recorded 
movement event was recorded between Nusa Penida and Galiran market. In Lombok, a 
single collector reported transporting birds between Lombok and Sumbawa islands but 
did not involve direct movements to or from any of the surveyed markets.  
5.4! Discussion  
5.4.1! Overview 
Live bird markets act as key links between commercial and household poultry sectors, 
facilitating the movement of poultry through extensive networks that can span large 
geographical areas (Soares Magalhães et al. 2010). Therefore, understanding trade 
patterns and animal movements within the live poultry marketing industry should 
provide essential knowledge concerning disease transmission by contact. Currently, this 
information is limited in Bali and Lombok and many other parts of Indonesia. The 
purpose of this study was to investigate the movement of live birds to and from selected 
live bird markets in Bali and Lombok in order to identify the type and magnitude of 
contacts that exist between live bird markets and poultry traders. From the data 
collected in the cross-sectional survey, two networks of contacts were created from 
which descriptive analyses were conducted, enabling the identification of important 
characteristics pertaining to network topology and key nodes within each network (Kiss 
et al. 2006). 
5.4.2! Distances travelled 
Findings from this study showed that whilst most respondents transport birds to and 
from markets over distances of approximately 10km, there are also traders and 
customers who are willing to travel much larger distances (in excess of 100 km) to buy 
or sell poultry. A study of poultry trade networks in Cambodia found that middlemen 
(i.e. collectors) travelled further in pursuit of collecting and trading poultry than retailers 
(i.e. vendors), who rarely sold poultry outside of their home village (Van Kerkhove et 
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al. 2009). This study found little evidence of a difference between vendors and 
collectors, however traders did typically travel greater distances than customers. 
Reasons why some traders and customers travel large distances to buy or sell poultry 
were not ascertained from this study. Although it is reasonable to assume that traders 
may travel large distances to source poultry from specific locations (whether it be a 
farm, market or other traders) or sell poultry where they know the demand is higher. 
Explanations for the lengthy distances travelled by some customers is however unclear. 
It could be speculated that customers purchase poultry from a market close to home for 
a family celebration or religious ceremony that may be taking place in a distant location. 
Other factors that may influence this behaviour are the availability or price of specific 
bird types. In traditional Hindu culture, different types of chickens and ducks (i.e. 
specific colours or physical characteristics) are often required for different ceremonies 
(Mastika 2007). Considering that traders in Bali and Lombok often purchase poultry 
from a number of different sources including other traders (Chapter 3) the extensive 
distances travelled by some traders increases the size of the geographical area to which 
the HPAI virus may potentially spread.  
5.4.3! Disease dissemination 
5.4.3.1! Nodes 
The identification of nodes with the most central positions in the network allows 
resources and efforts to be specifically targeted for disease control programs, which is 
particularly important in low-resource settings (Van Kerkhove et al. 2009). Degree 
centralisation indices reflect the number of incoming and outgoing movements for each 
node. Higher values represent nodes with larger numbers of ties and these are therefore 
more likely to have a greater influence in the network (May et al. 2001). In-degree can 
be thought of as a measure of ‘receptivity’ or ‘popularity’ whilst out-degree measures 
‘expansiveness’ (Wasserman 1994). In terms of disease transmission, nodes with high 
in-degree scores are more likely to become infected due to the higher number of 
potentially infected birds entering the premises and consequently, and thus play a 
greater role as ‘disease spreaders’ (Kiss et al. 2006). However, infection of a node with 
a high out-degree has the potential to disseminate disease to many other nodes and 
thereby has a clear influence on the infection of neighbouring nodes (Wasserman 1994, 
Pfeiffer et al. 2006). Therefore, it is important to identify nodes which have both high 
in- and out-degree as these have the potential to act as ‘super-spreaders’ (Shen 2004).  
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Both networks generated in this study, displayed greater values for in- versus out-degree 
centralisation and had more nodes with no incoming movements compared to outgoing. 
It is likely, however, that these two findings are the result of the disproportionate 
number of traders (vendors and collectors) interviewed in this study, compared with 
customers and thus a greater proportion of nodes represent ‘sources’ of poultry (i.e. 
outgoing or village-to-market movements) rather than ‘destinations’ (incoming or 
market-to-village movements). Similarly, market nodes were expected to have higher 
degree (particularly in-degree) than non-market nodes due to the egocentric data 
collection approach employed in this study that focused on markets.  
Comparison of the two networks displayed similar values for out-degree, whilst in-
degree centralisation for the Lombok network was more than double the value obtained 
for the Bali network. This finding is consistent with the highly mobile nature of 
Lombok’s poultry traders (Chapter 2), who often source small numbers of birds from 
several locations compared to Bali where traders generally source larger volumes from 
fewer locations (Chapter 3). In terms of network dynamics, this finding suggests that the 
key nodes within the Lombok network play a more dominant role compared to those 
within the Bali network. However, nodes with high degree were identified in both 
networks. In Bali, these nodes represented the markets Mengwi, Beringkit and Kediri 
and in Lombok, the most influential in terms of the number of incoming and outgoing 
movements was Narmada followed by Renteng. These ‘super-spreader’ nodes in the 
network would make ideal candidates for disease control programs (Albert et al. 2000), 
such as increased surveillance (in terms of sampling and bird health checks), enhanced 
biosecurity measures (e.g. bird zoning and daily cleaning of markets and cages) and 
education campaigns to increase poultry traders’ knowledge and awareness of HPAI 
and good biosecurity practices.  
5.4.3.2! Network 
The importance of high-degree nodes within a network, in terms of disease 
dissemination, is easily understood because, logically, individuals with a large number 
of contacts have the potential to spread infection to a larger number of individuals 
(Bansal et al. 2007). However, the extent of transmission through the entire network 
depends upon the connectivity of the group to which the individual belongs (Stark et al. 
2006). Enhanced connectivity, or ‘cohesion’, facilitates disease dissemination 
throughout a network, whilst fragmentation impedes it (Albert et al. 2000). Despite the 
fact that details of movements to and from surveyed markets were elicited from a 
smaller subset of respondents interviewed in Bali, the two networks generated contained 
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almost the same number of nodes. This suggests that poultry in Lombok were sourced 
from and destined to fewer locations, indicating a more ‘connected’ network compared 
to Bali. Evidence for this was also provided by a number of other observed factors such 
as a larger cohesion score, smaller values for fragmentation and average geodesic 
distance and a substantially larger number and proportion of reachable pairs within the 
network. Therefore, it appears that virus transmission would be more efficient in the 
Lombok network. However, the smaller diameter of the Bali network indicates that 
fewer steps are required for the possibility of a disease to reach any other node in the 
network compared to Lombok.   
5.4.4! The role of ‘bridges’ within a network 
Betweenness indices also reflect the influence an individual node has within a network, 
although perhaps a little less obviously than degree. This centrality measure represents 
the frequency with which a node falls between the shortest path of other nodes and 
therefore indicates the amount of flow within the network that is ‘controlled’ by a 
particular node (Newman 2003). High betweenness indicates that a particular node acts 
as a ‘bridge’ connecting otherwise unconnected nodes or groups (Wasserman 1994). 
This is especially important in terms of disease control because such nodes represent the 
ability for infection to jump from one group to another and ultimately diffuse further 
through the network (Pfeiffer et al. 2006). The fact that the normalised betweenness 
centralisation index of Lombok was more than five times the value of Bali means that a 
node within the Lombok network falls in the shortest path between two other nodes, on 
average, five times more frequently than a node within the Bali network. It also 
indicates that reflecting the greater role of bridge nodes controlling the flow of material 
through the Lombok network compared to Bali. Furthermore, the Lombok network was 
the only one of the two that was found to have a node with high degree and 
betweenness. This node, representing Narmada market, plays a key role in the network 
due to the large number of movements to and from the market and its role as a bridge in 
the network. Furthermore, 40% of the 177 movements recorded for Narmada were to 
and from unique contacts. Therefore Narmada market has a greater potential to 
disseminate infection throughout the network than any other node within the Lombok 
network. Despite this, the removal of this node (i.e. by closing down the market 
temporarily in the even of an outbreak) would have little impact on the integrity of the 
network due to the highly connected nature of the network. On the contrary, removal of 
the node with the largest betweenness score in the Bali network (Galiran market) would 
cause the main component of the network to fragment into two sub-groups. However 
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removal of one or, incidentally, both nodes with the highest degree would still allow the 
integrity of the network to remain intact. Therefore, in the event of a reported outbreak 
in Bali, closure of this market would more likely limit the ability of the virus to diffuse 
throughout the network compared to other markets. Although targeting the node whose 
removal partially collapses the network would be the top priority in an outbreak 
scenario, all preventative, surveillance or control programs should also include the two 
other ‘super-spreader’ nodes due to their influence and ability to disseminate disease 
throughout the network (Shen 2004). The absence of high degree and betweenness 
nodes in the Bali network suggests that the roles of the nodes within this network are 
quite distinct. In summary, the higher degree and betweenness displayed by the Lombok 
network suggests a greater reliance upon ‘hub’ and ‘bridge’ nodes within the network 
compared to the Bali network, which relies more heavily on hub nodes. 
5.4.5! Implications for disease control 
Investigating the topological properties of a network allows us to identify whether the 
network has random, small world or regular lattice properties (Pfeiffer et al. 2006). 
Epidemic simulations on theoretical networks have demonstrated how the outcome of 
an epidemic in terms of size, speed and pattern of diffusion may vary according to the 
topology of the network (Rushton et al. 2005, Kiss et al. 2006). Whilst many ‘real 
world’ networks typically display small world properties, which are characterised by 
short geodesic distances and high clustering coefficients compare to random networks 
of similar size (Telesford et al. 2011), neither of the networks generated in this study 
exhibited this type of phenomenon. However, both networks displayed ‘scale-free’ 
properties, as demonstrated by the highly skewed degree distributions (Dezső et al. 
2002). Identifying a network as having ‘scale-free’ properties is important 
epidemiologically in terms of dissemination of disease and for surveillance and control 
programs, largely because they tend to behave in a predictable manner (Barabási et al. 
2003). They are largely resistant to random control measures because the vast majority 
of nodes have only a few links and their ‘removal’ has little impact on the network 
(Albert et al. 2000). Therefore, there is a high probability that the selected nodes will 
have a low degree, causing only slight effects on the rest of the network, and hence, 
scale-free networks can tolerate random ‘failures’ of many nodes before they fragment 
(Barabási et al. 2003). However, they are highly susceptible to targeted control 
programs. This is because scale-free networks rely on relatively few, highly connected 
hubs to maintain connectivity (Albert et al. 2000). The presence of these ‘super-
spreader’ or ‘bridging’ nodes also makes scale-free networks important for the 
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propagation of epidemics as they can transmit disease to many other nodes (Barabási et 
al. 2003).  Obviously the more ‘cohesive’ or ‘connected’ a network is, the larger the 
potential for epidemic spread (Pfeiffer et al. 2006). Interventions to disrupt spread are 
different. Random networks are moderately susceptible to targeted efforts or ‘attacks’ 
and there is little difference between random failures and targeted attacks on random 
networks (Barabási et al. 2003). Hence, targeted control strategies on scale free 
networks may be very effective as they focus on the hubs (Dezső et al. 2002). 
The availability of funds to investigate outbreaks and to control and prevent further 
outbreaks is often limited in less-developed and developing nations, such as Indonesia. 
By utilising knowledge of network characteristics, the current resources and 
investigational efforts can be targeted toward markets and villages in central and 
influential positions within the network (Van Kerkhove et al. 2009). 
Currently, there are no formal documentation requirements in place to track movements 
of poultry traders marketing birds through live bird markets. Therefore, in the event an 
outbreak were to occur the authorities have limited information to direct them to other 
key markets and villages which may need to be notified or included as part of control 
activities. However, with this knowledge, markets connected to these villages can be 
closed and poultry farms and collector yards within these areas can be notified and dealt 
with accordingly. Knowledge of potentially high risk markets and villages will also 
enable authorities to target these for biosecurity improvements and campaigns to raise 
awareness on good biosecurity practices.  
5.4.6! Limitations 
Complete enumeration of contacts is normally required to create an entire network 
(Bansal et al. 2007), however, given the large number of LBMs operating in Bali and 
Lombok it was not feasible to conduct a census of all known markets as part of this 
study. Unfortunately this represents an inherent form of bias in this study and the effects 
on the validity of network statistical measures are difficult to quantify (Costenbader et 
al. 2003, Borgatti et al. 2006, Lockhart et al. 2010). It is possible that inclusion of a 
greater proportion of contacts would have altered the connectedness of each network 
generated. The addition of new nodes may also alter the centrality and consequently the 
roles that individual nodes played within each network. However, it would be 
reasonable to assume that the type and level of bias would be similar across both of the 
analysed networks (Lockhart et al. 2010). Therefore appropriate inferences can be 
drawn from this study by focussing on how the parameters for each network vary in 
relative, rather than absolute terms. Previous studies have shown that there is little 
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difference to the robustness of centrality measures in the event of incomplete data due to 
either random measurement error and missing data or deliberate sampling on nodes or 
edges, and that it is reasonable to compute centrality indices when aware of these errors 
(Marsden 1992, Costenbader et al. 2003, Borgatti et al. 2006). Furthermore, market 
selection criteria specifically aimed to ensure that key markets covering a broad range 
of districts in each island were included, thereby increasing the potential scope of 
contacts, in an effort to capture as much of the complete live poultry movement 
networks as possible in Bali and Lombok. Another important point to note is that for the 
current study the number of movements to and from a node (i.e. its degree) was derived 
from survey respondents that provided details of source and destination of birds. Given 
that not all respondents provided this information and that in some cases GPS locations 
of village names provided were not available and could not be retrieved from relevant 
searches, the calculated degree scores for each market is likely to under-represent the 
true number of movement events occurring to and from each site.  
The marketing systems in Bali and Lombok rely heavily on the sale of live poultry 
through markets and each step of the marketing chain involves a number of different 
players. Prior to entering the markets, poultry may have changed ownership numerous 
times and if we associate each exchange with a movement event, this amounts to a large 
number of movements. Although this study did not elicit details of the type or number 
of birds attached to each movement event, findings from Chapter 3 suggest that in in 
Lombok approximately 12 000 birds are moved daily and in Bali the volume was more 
than 50 000 birds. Furthermore, findings from Chapter 3 and other studies (Van 
Kerkhove et al. 2009, Soares Magalhães et al. 2010) indicate, that festivals, religious 
celebrations and other special events can result in a substantial increase in the 
magnitude of bird volume and trading frequency occurring with a network. With such 
large numbers of birds and movement events occurring on a daily basis through the 
highly complex networks identified in this study, it is not difficult to envision the 
challenges faced by local authorities in HPAI related activities. Therefore, identifying 
highly influential nodes within each network allows authorities to target HPAI related 
activities to where they have better chance of success. However, it is important to note 
that movement networks are non-static in nature and therefore certain activities such as 
closure of a single or even a subset of markets may result in changes to the network due 
to traders and customers using alternative outlets to buy and sell poultry. This adds 
further complexity to poultry movement networks that authorities need to take into 
consideration when planning and conducting disease prevention activities. 
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5.4.7! Conclusion 
In conclusion, this study identifies a high level of complexity of live bird movement 
networks in Bali and Lombok. Given that only one tenth of all markets in Bali and 
Lombok were sampled in this study, suggests that the true networks are likely to be 
much larger and even more complex than reported here. The combination of social 
network analysis with actual distances between nodes is an approach rarely used in 
poultry movement networks to date; yet it demonstrates the potential for disease to be 
spread between contacts over large geographical distances. This study also highlights 
the different roles markets play in poultry movement networks and their potential for 
disease dissemination. 
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Chapter 6:!Qualitative assessment of the risk of bird-
to-bird transmission of H5N1 in live bird markets in 
Bali and Lombok 
6.1! Introduction 
More than a decade since the first reports began to surface in Indonesia HPAI H5N1 
continues to pose a risk to domestic poultry. Limited physical and financial resources 
have largely hindered efforts to control the disease to date and it is therefore crucial to 
prioritise resources to support interventions that are likely to have the greatest impact on 
reducing viral dissemination. 
Targeting LBMs for surveillance activities and risk reduction measures may be a 
feasible and realistic option in low resource settings given that multiple host species are 
gathered together. These can be easily sampled for the presence of virus and, if infected, 
birds can be traced back to the original source. However, when there are numerous 
LBMs, such as in Bali and Lombok, it may not be feasible to conduct surveillance or 
prevention and control activities at every location. In these circumstances it is important 
to identify key markets in which resource outlay would result in the greatest cost to 
benefit ratio. Risk assessment is a tool that can be utilized to prioritise markets in terms 
of risk and to focus efforts where resources would have the greatest impact.  
Findings from the previous chapters have revealed differences in infrastructure, 
biosecurity, trader practices and the movement patterns of live poultry traded at each of 
the studied markets in Bali and Lombok. These characteristics may influence the 
potential for HPAIVs to persist and circulate at a given market. With this in mind the 
purpose of this study was to assess the comparative risk for effective transmission of 
H5N1 within each of the 17 markets. This information will enable markets to be ranked 
in terms of potential risk of transmission of the virus if an infected live bird is brought 
into the market. This chapter describes the results of a qualitative assessment of the 
likelihood of exposure and infection of a susceptible bird to H5N1 HPAI by direct or 
indirect contact in each of the 17 LBMs studied. 
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6.2! Risk assessment methodology 
6.2.1! Definitions 
Chicken: includes broiler, layer and Kampung chicken (i.e. village or native chicken) 
D.P.I: days post infection 
Duck: any species of duck sold in the market, including Muscovy ducks 
Hazard: HPAI H5N1 Clade 2.1 and 2.3.2 
ILB: infected live bird 
Live bird market (LBM): a public place where buyers and sellers make transactions of 
live poultry, directly or via intermediaries. The physical boundary is limited to only the 
main area(s) where bird trading takes place. In some cases vendors sell birds in other 
areas of the market such as walkways and in car parks, which are not included in the 
areas under study, with the exception of one market (Amlapura). This is because the car 
park appears to function as the primary chicken selling area, whilst the main area of the 
LBM sells mostly ducks. 
Live poultry traders (LPT): individuals selling live poultry at a live bird market 
Permanent cage: a cage, which remains in the market at all times 
Portable cage: a cage which is transportable and brought to the market by a LPT 
Risk: the likelihood of the occurrence of an adverse event to animal health during a 
specified period (OIE 2004) 
Uncertainty: the lack of a precise knowledge of the input values, which is due to 
measurement error or to the lack of knowledge of the steps required, and the pathways 
from hazard to risk, when building the scenario being assessed (OIE 2004) 
Variability: a real-world complexity in which the value of an input is not the same for 
each case due to natural diversity in a given population (OIE 2004) 
 
6.2.2! Study population 
Details of the study location and population are outlined in Chapter 2 and 3, 
respectively. 
 
6.2.3! Focus of risk assessment 
The import risk analysis (IRA) framework developed by the World Organisation for 
Animal Health (OIE) was used for this qualitative risk assessment (OIE 2004). The IRA 
is comprised of four main components: hazard identification, risk assessment, risk 
management and risk communication. The risk assessment component consists of 
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release, exposure and consequence assessments, and risk estimation. Currently, there is 
inadequate data available on the HPAI situation at each of the 17 markets to conduct a 
release assessment and thus the focus of this risk assessment will be on the exposure 
assessment component. Given that Indonesia (including Bali) has been classified as 
H5N1 endemic since 2006 (FAO 2011a), we believe that there is sufficient annual 
occurrence of H5N1 to reasonably assume entry of an infected bird to a market and thus 
the study is focused on the likelihood of bird-to-bird transmission in the LBM.  
The hazard considered in this assessment was all HPAI H5N1 genotypes belonging to 
clade 2.1, which have predominantly been isolated from Indonesia, and the recently 
found clade 2.3.2. The focus of this study is to compare, between markets in Bali and 
Lombok, the likelihood of HPAI H5N1 spread if an infected bird enters a market. The 
social networks for live poultry movement in Bali and Lombok were identified in the 
previous chapter. The results of that study identified key markets that have high degree 
and betweenness scores, signifying these as potentially problematic in terms of virus 
dissemination via movement of birds from these markets to other locations. 
Fighting cockerels are an important part of Indonesian culture and society and although 
they are susceptible to HPAI H5N1 infection and have been linked to the spread of 
H5N1(Tiensin et al. 2005, Paul et al. 2010, Poolkhet et al. 2013), they have not been 
included in this qualitative risk assessment for several reasons. Firstly, results from 
previous chapters also indicate that management and husbandry of fighting cocks differs 
to other types of poultry. For example, fighting cocks were always housed separately, 
rather than in multiples as seen with chickens and ducks, and rarely within the same 
section of the market as poultry. Furthermore, few traders (1.7%) interviewed in this 
study sold fighting cocks primarily due to the fact that the focus of the survey targeted 
vendors of chickens and ducks in the main area of the LBM. For these reasons, fighting 
cocks were excluded from study. 
The purpose of this study is to qualitatively assess the comparative risk for each of the 
17 live bird markets of the likelihood that at least one susceptible bird (chicken or duck) 
will become infected with H5N1 within an 5 hour period, given that one infected 
chicken or duck is introduced to the market. 
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6.2.4! Assumptions 
•! Time of year referred to in this assessment is a ‘normal’, non-peak trading day. 
•! The time frame assumed in this assessment is a 5-hour period, the minimum 
number of trading hours of the 17 LBMs. 
•! This risk assessment assumes one H5N1 infected bird (chicken or duck) is 
introduced into the LBM. 
•! The H5N1 infected chicken or duck remains in the LBM throughout assessment 
time period. 
•! Each LBM is assumed to be H5N1 free prior to introduction of one H5N1 
infected bird. 
•! Poultry sold at each of the 17 LBMs are not vaccinated against H5N1. 
•! The susceptible bird is assumed to be a chicken or duck. 
 
6.2.5! Exposure pathways 
The two main pathways by which birds can be exposed to HPAI within a LBM are 
direct bird-to-bird contact and indirectly through a contaminated environment. The 
exposure assessment determines the likelihood that a bird within a LBM will become 
infected with H5N1 over the course of the 5-hour trading period, given that an infected 
bird (chicken or duck) is introduced.  Each of the 17 markets will be assessed 
separately. The events necessary for exposure to the hazard to occur in a LBM were 
identified and organized in a scenario tree (Figure 6.1) to indicate their temporal 
relationship.  
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Figure 6.1!Exposure!pathway!for!bird3to3bird!transmission!in!a!LBM!via!the!introduction!of!
one!H5N1!infected!live!bird!(ILB). 
6.2.6! Assessments undertaken 
Due to differences in market structure, management practices, dynamics and network 
characteristics outlined in previous chapters, independent assessments were carried out 
for each of the 17 markets. Chickens and ducks were also assessed separately given the 
differences in clinical presentation of the disease between these species. 
6.2.7! Data sources  
Data required to complete the risk assessment were identified (Table 6.1). Information 
on live bird markets and traders in Bali and Lombok were gathered from field 
observations and interviews outlined in Chapters 2 and 3, respectively. Additional 
information was sourced from reports prepared for FAO, ACIAR and WHO. Data on 
HPAI H5N1 (e.g. virus characteristics, species susceptibility, epidemiology and 
environmental survival) was sourced from relevant peer- reviewed publications.  
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Table 6.1!Exposure!assessment!pathway!data!requirements!and!sources. 
Step Description Inputs Data source 
1 Assumed 1 H5N1 ILB enters 
LBM 
Assumed  
2 (LH1) ILB sheds H5N1 
virus 
Latent period of H5N1 in chickens and 
ducks 
Viral titres shed by infected chickens 
and ducks 
Duration of holding birds 
Immune status of infected bird 
(vaccination status, age, environmental 
stress) 
Literature 
 
Literature 
 
Interviews, field observations 
Literature, interviews 
3 (LH2) ILB not detected and 
removed 
Incubation period of H5N1 in chickens 
and ducks 
Clinical signs of H5N1 infection in 
chickens and ducks 
LPT knowledge, method and ability to 
detect H5N1 infected birds 
Whether or not LPT removes clinical 
birds 
Literature 
 
Literature 
 
Interviews 
 
Interviews 
 
 
4 (LH3) 
 
Susceptible bird has 
direct contact with 
ILB 
Viral titres shed by chickens and ducks 
Proximity of birds (e.g. cage density, 
stocking density) 
Literature 
Field observations 
 
4 (LH4) Susceptible bird 
contacts hazard 
indirectly via 
contaminated 
fomites 
Viral titres shed by chickens and ducks 
Environmental stability of H5N1 in 
manure, water and on various materials 
such as feathers and those used for 
cages and floors  
LPT husbandry practices (e.g. supply 
of feed and water) 
LPT management practices (e.g. types 
of cage used) 
LBM infrastructure (e.g. types of 
floors)  
Literature 
Literature 
 
 
 
Field observations 
 
Field observations, interviews 
 
Field observations 
5 (LH5) Susceptible bird 
becomes infected via 
direct B-B contact 
Duration of holding birds 
Dose of virus susceptible bird contacts 
Susceptibility of bird species 
Immune status of susceptible bird 
(vaccination status, age, environmental 
stress) 
Interviews, field observations 
Literature 
Literature 
Literature, interviews, field 
observations 
 
5 (LH6) Susceptible bird 
becomes infected via 
indirect contact with 
contaminated 
environment 
Duration of holding birds 
Dose of virus susceptible bird contacts 
Susceptibility of bird species 
Immune status of susceptible bird 
(vaccination status, age, environmental 
stress) 
Interviews, field observations 
Literature 
Literature 
Literature, interviews, field 
observations 
 
ILB: infected live bird; LPT: live poultry trader; B-B: bird-to-bird  
6.2.8! Input data  
Information for data inputs outlined in Table 6.1 has been outlined in previous chapters. 
Data most relevant to this assessment are summarised below. Additional information for 
each topic can be found in the relevant sections of the thesis.  
!
  205 
6.2.8.1! Factors influencing host susceptibility 
Chickens and ducks are highly susceptible to infection with HPAI H5N1 viruses and 
shed quantities above levels required to result in infection. Viral shedding in chickens 
can begin as early as 4 - 6 hours post infection and continue up until time of death. 
Ducks normally begin to excrete virus within 1- 3 days post infection but may continue 
to shed for more than 2 weeks. Clinical disease symptoms and severity of Clade 2.1 
H5N1 viruses are generally more severe in chickens, whilst ducks tend to suffer greater 
consequences from Clade 2.3.2.1 viruses. For further information see Sections 1.2.4 and 
1.2.5. 
Factors such as vaccination status, age at infection and environmental stress may affect 
host immunity and therefore influence susceptibility of the host to H5N1 infection. 
Vaccination has been shown to reduce disease incidence and shedding in chickens and 
ducks as well as interrupt virus transmission in a field setting," however it requires 
adequate dosage, correct administration in order to be effective. Vaccinated birds may 
also be less likely to show clinical signs whilst continuing to shed virus (see Section 
1.3.7.3), which may result in infected birds not being detected. Information on 
vaccination practices in Bali and Lombok are limited. Based on available literature for 
Indonesia, vaccination is limited to layer flocks (Sector 1.3.7.3). However given the 
lack of a clearly defined vaccination strategy by the Indonesian government, it is 
unknown whether vaccinated birds received the recommended doses often enough to 
maintain immunity. Interviews also indicated that vaccination of birds is rare given that 
less than 17% of traders had mentioned it as important in the prevention of HPAI and 
less than 1% of traders reported buying vaccinated birds. Therefore, based on the above 
information, it was assumed that poultry (including ducks) sold in each of the 17 
markets were not vaccinated. 
In ducks, age at infection has been shown to affect mortality, pathogenicity, clinical 
presentation and viral shedding of H5N1 viruses with younger ducks generally 
presenting greater severity in clinical disease compared to older birds (Section 1.2.5). 
Age at infection does not however seem to influence virus susceptibility for either 
chickens or ducks as H5N1 infection of birds of different ages has been demonstrated in 
numerous studies (Section 1.2.4). Furthermore, observations from the field indicate that 
despite the presence of birds of different ages in markets, the majority of birds were 
adult-sized birds and only two of 413 traders sold DOCs.  
Environmental stress, caused by factors such as overcrowding (Lara et al. 2013) and 
temperature extremes (Mashaly et al. 2004), may also negatively impact a host’s 
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immune system thus increasing its susceptibility to infection. However there is currently 
insufficient evidence to thoroughly assess the affects of environmentally induced stress 
and H5N1 infection in poultry and therefore, for the purposes of this assessment, the 
assumption has been made that it does not play a significant role in susceptibility of 
poultry to H5N1 infection.  
6.2.8.2! Factors influencing trader ability to detect clinical birds 
Findings from the survey outlined in Chapter 4 indicated that trader knowledge of AI 
transmission and prevention is very limited. However findings from Chapter 4 indicated 
that traders generally try to avoid disease by purchasing birds that appear healthy. Many 
traders are aware of some of the common symptoms associated with HPAI in chickens, 
such as decreased appetite, depression, discolouration of comb and wattles, ruffled 
feathers and nasal and ocular secretions, although most respondents only reported one 
sign that is typically associated with HPAI when providing details on physical 
examination of birds. The proportion of traders that reported two or more features 
commonly associated with HPAI was fairly similar between Bali and Lombok (45% 
and 35%, respectively) although there was slight variation among the type of features 
outlined by respondents. Bali traders based most of their bird health assessment on 
activity levels and appetite of birds whereas traders interviewed in Lombok were more 
likely to examine combs and wattles and check for nasal or ocular discharge.  
In the event of identifying a sick bird the proportion of respondents that were likely to 
separate it from healthy birds was 83% and 34% for Bali and Lombok traders, 
respectively. This does not however mean that sick birds were removed from the market 
but rather that they were removed from the cage containing healthy birds. Sick birds 
could then be placed into a separate cage or above the cage (Chapter 2 findings) and 
sold cheaply to minimise losses (as was reported by half of all Lombok traders). Despite 
the considerable difference between Bali and Lombok in the number of traders that 
separate sick birds from healthy ones, the proportion of traders that were deemed able to 
detect clinically affected birds (defined by providing at least two signs typically 
associated with HPAI infection in chickens) and also that reported separating sick from 
healthy birds was fairly low for both Bali and Lombok traders (20% and 14%, 
respectively). Based on these findings, in addition to the observation that birds were not 
necessarily removed from the market, at present the likelihood of removal is unlikely to 
vary drastically between clinical and non-clinical birds. 
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6.2.8.3! Factors influencing transmission 
Poultry infected with HPAI H5N1 excrete virus in saliva and faeces as well as in nasal 
and ocular secretions. Susceptible birds can become infected by direct or indirect 
contact with the secretions or faeces of an infected bird. Transmission occurs most 
efficiently by direct contact, followed by contact with fomites (e.g. cages, floors, 
vehicles, clothing and feathers) or contaminated water and feed (Section 1.2.4). 
Airborne transmission via aerosol is only significant over short distances (several 
metres) and is dependent on the ambient environment (see Sections 1.2.4 and 1.2.6) and 
therefore not considered to be as effective as direct bird-to-bird contact or indirect 
contact with fomites. 
Practices of live poultry traders in Bali and Lombok were outlined in Chapter 3. In 
brief, the majority of poultry vendors in Bali regularly operate from market stalls, which 
are leased on a permanent or semi-permanent basis. The usual practice is to remain at 
the market for the duration of normal trading hours (approximately 8 hours/day) or until 
all birds are sold. Traders at the permanent markets in Lombok (i.e. Bertais, Sindu and 
Kebon Roek) operate in a similar manner to Bali traders. However, those operating in 
temporary markets tend to be more mobile and frequent more than one market each day, 
buying and selling more birds along the way and thus generally spend less time in each 
market (approximately half a day as opposed to the whole trading day for non-mobile 
traders). This creates a more dynamic market structure compared to Bali markets which 
tend to function at a slower pace.  
Findings from Chapter 2 and 3 indicated that susceptible birds have ample opportunity 
for direct contact due to the high cage and stocking density and indirect contact with 
viral particles but more so in some markets than in others (as indicated in Table 6.4 
below). The constant flow of birds entering markets and lack of separating new birds 
from old also increases the opportunity for birds from multiple sources to interact.  
Avian influenza virus stability outside the host is dependent on environmental 
conditions such as temperature, humidity, pH and salinity and the type of surface 
(wood, feathers etc.) or medium (e.g. water, faeces). Evidence indicates that AIVs can 
sustain infectivity on various materials for durations long enough to transmit infection 
in a LBM setting within the time period assessed (Section 1.2.6). Environmental 
contamination can be facilitated by the low level of biosecurity practiced by traders (as 
indicated by Chapter 2 and 3 findings) and the high cage and stocking density common 
in many markets provides ample opportunity for direct bird-to-bird contact. Provision of 
feed and water in cages was extremely rare in both Bali and Lombok except in markets 
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where unsold birds were sometimes held overnight. Poultry slaughtering was practiced 
in Lombok markets only. 
6.2.9! Exposure pathway likelihoods 
For each step in the exposure pathway depicted in Figure 6.1, the likelihood of the event 
occurring was defined in qualitative terms on a five-level scale ranging from very low 
to very high, outlined in Table 6.2. The allocation of a category to each likelihood step 
of the exposure pathway was based on the knowledge of the probability of the relevant 
event drawn from the literature and from field observations and interviews conducted in 
Bali and Lombok.  
Table 6.2!Likelihood!definitions 
Likelihood Definition 
Very high (VH) The event is almost certain to occur  
High (H) The event is considered highly likely to occur 
Moderate (M) The event has an even probability to occur 
Low (L) The event is unlikely to occur 
Very low (VL) The event rarely occurs 
 
Each step of the pathway is dependent upon the previous event and, therefore, the 
likelihoods for each consecutive step were multiplied together to provide an estimation 
of the likelihood of a susceptible bird becoming infected after coming into contact with 
the hazard in a LBM. A combination matrix was used to determine the product of two 
qualitative likelihoods (Table 6.5) and accounts for the fact that the likelihood of an 
event lies between 0 (no occurrence) and 1 (absolute occurrence). Therefore, the result 
of multiplying two likelihoods together cannot exceed the lower likelihood (Gale 2009). 
The estimation of likelihoods at Step 3 and Step 4 involved consideration of a number 
of sub-steps for Step 3 and the amalgamation of information on different market 
characteristics for Step 4. Thus the approach used for each is presented in detail. 
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Step!3.!Likelihood!of!an!ILB!not!being!detected!and!removed 
Estimation of likelihood for Step 3 involved a number of sub-steps, indicated by the red 
parentheses in Figure 6.1 and illustrated in Figure 6.2. The formula used to determine 
the likelihood for step 3 is outlined as follows: 
 
LH (ILB is not detected and removed) = LH (ILB is clinical) [1 – LH (ILB is detected 
and removed|Clinical)] + LH (ILB is non-clinical) [1 – LH (ILB is detected and 
removed|Non-clinical)] 
 
Sub3step!1.!Clinical!status! 
The clinical status of the ILB is an important consideration given that detection (and 
therefore removal) is largely dependent on the bird displaying clinical signs of infection. 
However findings from the survey indicated varying levels in traders’ ability to identify 
clinical signs of HPAI-infected birds, and detection of an ILB does not necessarily 
result in removal of the bird from the market, meaning that it is necessary to account for 
the possibility that a clinical bird is not removed. Therefore, the first sub-step of step 3 
of the pathway estimates the LH of an ILB being clinical (LHa), and consequently, non-
clinical (LHb).  
!  
Sub3step!2.!Detection!and!removal! 
The LH of detection and removal of a clinical bird is dependent on two main factors: 1) 
whether a trader is able to identify a clinical bird and 2) whether identification results in 
removal. Due to differences identified in the survey between markets in the proportion 
of traders able to detect clinical birds and whether detection resulted in removal of those 
birds, a table was created (Table 6.3) to determine, firstly the LH that a clinical bird 
would be detected, and secondly, the LH of a clinical bird being removed. Trader ability 
to detect clinical birds was based on the proportion of traders at each market that 
reported inspecting birds prior to purchase and provided a minimum of two clinical 
signs typically attributed to HPAI infection (outlined in Table 6.3). As the survey did 
not specifically ask respondents whether they removed clinical birds from the market, 
the proportion of traders who reported that they would separate sick birds from healthy 
determined the LH of removal. The qualitative terms applied to the detection and 
removal steps were then combined using the combination matrix to provide an estimate 
of the LH that a clinical bird would be detected and removed for each market (LHc). 
The LH of a clinical bird not being detected and removed was then determined using 
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normal probability rules (i.e. LHd = 1 - LHc). In qualitative terms, if LHc = high then 
LHd would be low (and vice-versa), and if LHc was moderate then the other LH would 
also be moderate, and so on.  
 
Sub3step!3.!An!ILB!is!not!detected!and!removed! 
The final step involves combining the LH of an ILB being clinical (LHa) with the LH 
that a clinical bird is not detected and removed (LHd) using the combination matrix, 
resulting in the partial LH of a clinical bird not being detected and removed (i.e. LHa x 
LHd). This procedure is repeated using LHb and LHf to produce another partial LH: the 
LH of a non-clinical bird not being detected and removed (i.e. LHb x LHf). These two 
partial LHs are then added together using the rules set out in Box 6.2 to provide an 
overall estimate of the LH of an ILB not being detected and removed (i.e. LH2 of the 
exposure pathway). The rules set out in Box 6.2 are mutually exclusive and should be 
addressed in the order they appear in the list. For example, if the first rule does not apply 
then the second rule should be considered. If the second rule does not apply then the third 
rule should considered and so forth until a rule applies. This approach, as opposed to the 
customary multiplication method, accounts for the fact that the two partial likelihoods 
are not dependent of each other and the combination of the two results in an overall 
increase in the LH of an ILB not being detected and removed.  
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Figure 6.2!Partial!likelihoods!used!to!estimate!the!likelihood!of!an!ILB!not!being!detected!
and!removed. 
 
Step! 4.! Likelihood! of! exposure! of! a! susceptible! bird! via! direct! bird3to3bird!
contact!with!an!ILB 
Bird-to-bird transmission of HPAI H5N1 occurs primarily through the transfer of virus 
via the faecal-oral route or inhalation of respiratory secretions and whilst both chickens 
and ducks have been shown to secrete sufficient levels of virus to infect susceptible 
birds, the opportunity for direct contact is dependent on the proximity between birds. 
The main factors that influence the proximity of birds within a market is cage and 
stocking density. Findings from observational studies described in Chapter 2 indicated 
differences in these factors between markets. Therefore, a table was created to account 
for differences between markets (Table 6.4) using qualitative terms to describe the level 
of cage or stocking density observed during data collection. The LH that a susceptible 
bird has direct contact with an ILB was determined for each market by combining the 
qualitative scores using the rules set out in Box 6.1. 
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Step! 5.! Likelihood! of! exposure! resulting! in! infection! with! the! hazard! of! a!
susceptible!bird! 
The overall risk of infection of a susceptible bird for each market was determined by 
combining the two partial LHs estimated for direct and indirect routes of infection using 
the rules set out in Box 6.2 in the order they appear, as outlined for step 3 of the 
exposure pathway. As previously described above in calculation of step 3, this approach 
accounts for the fact that each of the partial likelihoods of contact are not conditional on 
each other and therefore the overall risk of a single bird becoming infected with the 
hazard at any given market increases with likelihood of each type of contact occurring.  
 
Table 6.3!Factors!used!to!determine!the!LH!of!detection!and!removal!of!clinical!birds. 
Factor Percentage 
of traders 
likely to 
detect 
clinical 
birda 
Qualitative estimate 
of the LH of an ILB 
being detecteda 
≤5% = Very Low 
6-25% = Low 
26-75% = Moderate 
76-94% = High 
≥95% = Very high 
Percentage 
of traders 
that would 
separate 
sick birds 
from 
healthyc 
 
Qualitative estimate of 
the LH of an ILB 
being removedb 
≤5% = Very Low 
6-25% = Low 
26-75% = Moderate 
76-94% = High 
≥95% = Very high 
LH of 
detection and 
removal of a 
clinical birdc 
Market 
Amlapura 58 Moderate 84 High Moderate 
Anyar 57 Moderate 79 High Moderate 
Bale Agung 44 Moderate 88 High Moderate 
Beringkit 48 Moderate 88 High Moderate 
Galiran 54 Moderate 75 High Moderate 
Kediri 38 Moderate 75 High Moderate 
Mengwi 33 Moderate 90 High Moderate 
Seririt 34 Moderate 86 High Moderate 
Umum 14 Low 71 Moderate Low 
Bertais 36 Moderate 64 Moderate Moderate 
Gerung 23 Low 47 Moderate Low 
Kebon Roek 38 Moderate 46 Moderate Moderate 
Masbagik 52 Moderate 44 Moderate Moderate 
Narmada 31 Moderate 21 Low Low 
Renteng 48 Moderate 22 Low Low 
Sindu  17 Low 31 Moderate Low 
Tanjung 24 Low 47 Moderate Low 
aPercentage of traders likely to detect clinical bird: defined by the percentage (rounded to the nearest 
whole number) of traders at each market that reported inspecting birds prior to purchase and provided a 
minimum of two clinical signs typically attributed to HPAI infection (e.g. swollen or black comb or 
wattle, depression, reduced appetite, nasal or ocular discharge and diarrhea) as defined by the OIE 
Terrestrial Animal Health Code (FAO, 2015).  
bPercentage (rounded to the nearest whole number) of traders that reported separating sick birds from 
healthy. 
cDetermined by combining the qualitative terms using the combination matrix outlined in Table 6.5.
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Table 6.4!Variation!between!markets!on!factors!influencing!the!opportunity!for!direct!bird3
to3bird!contact!to!occur. 
Characteristic Cage densitya Stocking densityb 
 Market 
Amlapura High Med-high 
Anyar Very high Med-high 
Bale Agung Medium Low-med 
Beringkit High Low-med 
Galiran Very high Low-med 
Kediri High Med-high 
Mengwi High Med-high 
Seririt High Med-high 
Umum Very high Med-high 
Bertais High Low-med 
Gerung Low Low-med 
Kebon Roek Medium Low-med 
Masbagik Low Med-high 
Narmada Medium Med-high 
Renteng Medium Low-med 
Sindu  Medium Med-high 
Tanjung Low Low-med 
a  Cage density definitions: ‘very high’ refers to markets in which cages occupy greater than 75% of LBM 
floor and cages are stacked on top of each other creating a densely packed trading area; ‘high’ refers to 
markets in which cages occupy greater than 75% of LBM floor but with little or no stacking observed; 
‘medium’ refers to markets in which cages occupy 50 to 75% of LBM floor and; ‘low’ to markets where 
cages occupy less than 50% of LBM floor. 
b  Stocking density definitions: ‘medium – high’ refers to markets in which the majority of cages were 
stocked half to maximum capacity (i.e. limited or no space for birds to move); low – medium’ refers to 
markets in which the majority of cages were at less than half capacity with enough space for birds to 
move about the cage. 
 
Box! 6.1.! Rules! used! to! combine! the! market! characteristics! outlined! in! Table! 6.4! in! order! to!
designate!LH!of!direct!bird>to>bird!contact!(LH3) 
1.! Where one factor is rated very high the LH of direct B-B contact is estimated to be very high. 
2.! Where one factor is rated high the LH of direct B-B contact is estimated to be high. 
3.! Where one factor is rated medium and the other is medium-high, the LH of direct B-B contact is 
estimated to be high. 
4.! Where one factor is rated medium and the other is low-medium, the LH of direct B-B contact is 
estimated to be moderate. 
5.! Where one factor is rated low and the other is medium-high, the LH of direct B-B contact is 
estimated to be low. 
6.! Where one factor is rated low and the other low-medium, the LH of direct B-B contact is estimated 
to be very low. 
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Table 6.5!Combination!matrix!used!to!determine!the!product!of!two!qualitative!likelihoods. 
Likelihood at 
step ‘n + 1’ 
Conditional likelihood to step ‘n’ 
Very low Low Moderate High Very high 
Very high Very low Low Moderate High Very high 
High Very low Low Moderate High High 
Moderate Very low Low Moderate Moderate Moderate 
Low Very low Low Low Low Low 
Very low Very low Very low Very low Very low Very low  
 
 
Box!6.2.!Rules!for!combining!partial!likelihoods!used!in!Step!3!(sub>step!3)!and!Step!5 
1.! Where one partial likelihood of infection is very high, the overall estimate of risk is also very high; 
2.! Where both partial likelihoods are high, the overall estimate is very high; 
3.! Where one partial likelihood is high, the overall estimate of risk is considered high; 
4.! Where both partial likelihoods are moderate, the overall estimate of risk is considered high; 
5.! Where one partial likelihood is moderate, the overall estimate of risk is moderate; 
6.! Where both partial likelihoods are low, the overall estimate of risk is considered to be moderate; 
7.! Where one partial likelihood is low, the overall estimate of risk is considered to be low; 
8.! Where both partial likelihoods are very low, the overall estimate of risk is considered very low. 
 
 
6.2.10! Uncertainty 
Due to the nature of risk assessments, a degree of uncertainty is associated with each 
likelihood estimate. Uncertainty is due to the lack of precise knowledge of the input 
values. As more credible data becomes available, uncertainty is reduced. The level of 
uncertainty related to the estimated likelihood of exposure for each pathway was 
indicated using the qualitative categories outlined in Table 6.6. Currently, there is no 
formally established method for combining uncertainty measures and, therefore, the 
overall uncertainty is estimated subjectively based on the number of sources and the 
level of congruency amongst available data.  
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Table 6.6!Qualitative!categories!of!uncertainty!related!to!risk!estimates. 
Uncertainty Interpretation 
Low There is substantial sound data available in public or industry literature; agreement 
among multiple sources interviewed. 
Moderate There are some but no complete data available; evidence is provided in small numbers of 
references; sources interviewed lead to varying but not opposing conclusions.  
High There is scarce or no data available; evidence is not provided in references but rather in 
unpublished reports or based on observations, or personal communication; sources 
interviewed lead to conflicting conclusions.  
 
6.2.11! Risk mitigation  
Risk management or mitigation is the process of determining and implementing 
measures to reduce identified risks and their consequences. The risks posed by HPAI 
H5N1 are difficult to eliminate entirely and therefore the primary focus should be to 
adopt procedures to reduce the level of risk to a manageable or acceptable level. In low 
resource settings such as Bali and Lombok, the aim is to identify and implement 
mitigation strategies that will reduce the level of risk with minimal cost and effort and 
without affecting trade. 
The most effective way to reduce virus presence and transmission within a LBM is to 
prevent infected birds from entering the market. This is however particularly difficult in 
endemic regions, especially when funding and resources for testing and surveillance are 
limited. One possible measure that could be implemented at a low cost with minimal 
effort and effect on trade is to introduce a mitigation strategy at the clinical step. An 
example includes introduction of an incentive for traders to avoid bringing clinical birds 
into the market and for sick birds to be slaughtered and disposed of in designated waste 
areas, with fines imposed on traders that are found to be selling birds that appear sick.  
In order to determine the impact of such a mitigation step, a sensitivity analysis was 
conducted at step 3 to reflect different levels of LH that an ILB is not detected and 
removed due to variation in the LH that a clinical ILB is detected and removed. This 
involved setting three categories for the removal component (sub-step 2) of step 3 of the 
exposure pathway. As the survey did not specifically ask respondents whether they 
remove clinical birds from the market, the status quo for LH of removal of clinical birds 
(shown in Table 6.3) was determined based on the proportion of traders that reported 
separating sick from healthy birds in the market. For comparison in the sensitivity 
analysis, two additional categories for this LH were created to represent lower and 
higher levels of clinical bird removal than currently practiced. The low category was 
based on responses to two separate questions from the questionnaire: 1) actions taken in 
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the event of identifying a sick bird and 2) what measures the respondents deemed 
necessary to prevent or control AI in the markets. Responses for the first question were 
used to determine the percentage of traders that would remove birds, with the definition 
of removal being at least one of the following: separate, burn, bury, slaughter or discard 
into a river or the trash. For the second question, the trader must have at least listed  
‘disposal of sick birds’. Percentages of traders that responded to the two questions as 
described provided the estimate of those that would remove sick birds, and 1 minus this 
percentage provided the estimate of traders that would not remove sick birds. This was 
then converted into qualitative terms that reflect the low category for LH of removal of 
a clinical bird. 
The high category is based on the implementation of a mitigation strategy aimed at 
minimising the number of clinical birds entering the market. For this assessment we 
propose the introduction of fines for traders that are found to be selling birds that appear 
sick thus discouraging traders from transporting sick or birds suspected of being 
infected to the market. Implementation of such a measure is expected to increase the LH 
of removal to the maximum level and therefore reducing the LH of a clinical bird not 
being removed to very low. Qualitative likelihoods for the low and high category 
definitions of removal used for the sensitivity analysis are provided in Table 6.7. 
By comparing the results of the overall risk of a susceptible bird becoming infected at a 
given market based on each of the three categories of removal definition, the potential 
efficacy of the mitigation strategy can be determined.  
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Table 6.7!Likelihood!of!an!ILB!not!being!detected!and!removed!using!different!definitions!
for!‘removal’!based!on!low!and!high!categories!outlined!above. 
Market Estimate (%) of 
traders that 
would separate 
and dispose of 
sick birda 
 
Estimate (%) of 
traders that would not 
separate and dispose 
of sick birdb 
 
LOW category  
(LH of ILB not being 
removed) 
≤5% = Very Low 
6-25% = Low 
26-75% = Moderate 
76-94% = High 
≥95% = Extreme 
HIGH category 
(LH of ILB not 
being removed 
based on 
implementation of 
a mitigation 
strategyc) 
 
 
Amlapura 16 84 High Very low 
Anyar 14 86 High Very low 
Bale Agung 6 94 High Very low 
Beringkit 3 97 Extreme Very low 
Galiran 4 96 Extreme Very low 
Kediri 25 75 Moderate Very low 
Mengwi 43 57 Moderate Very low 
Seririt 14 86 High Very low 
Umum 29 71 Moderate Very low 
Bertais 27 73 Moderate Very low 
Gerung 20 80 High Very low 
Kebon 
Roek 
8 92 High Very low 
Masbagik 12 88 High Very low 
Narmada 13 87 High Very low 
Renteng 11 89 High Very low 
Sindu  7 93 High Very low 
Tanjung 6 94 High Very low  
aEstimate of number of traders that would remove birds determined by the percentage of traders that 
reported taking one of the following actions in the event of identifying a sick bird: separate from healthy 
birds, burn, bury, slaughter or discard into river or trash. In addition these traders also stated that they 
dispose of sick birds. 
bEstimate of number of traders that would not remove birds defined as 1 - percentage of traders that 
would remove birds (i.e. 1 - % in column 2) 
cLikelihoods based on successful introduction of a mitigation step (outlined in Section 6.2.11) to reduce 
the LH of traders bringing sick birds into the market. 
 
6.3! Results 
The first step of the pathway assumes the introduction of an infected live chicken or 
duck into the market. Summaries of the results for chicken and ducks assessments for 
both Bali and Lombok are provided in Tables 6.8 to 6.11. 
6.3.1! Step 2 Likelihood of ILB shedding virus 
Highly pathogenic avian influenza H5N1 induces a short latent period of one to two 
days in both chickens and ducks, with some reports indicating an earlier onset of 
shedding in chickens as little as six hours after experimental infection. Once shedding 
begins, infected chickens and ducks excrete large doses of virus into their immediate 
environment via the respiratory and faecal routes. The common practice among traders 
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is to purchase birds either on the day of sale or one to two days prior allowing sufficient 
time for an infected bird to start shedding before entering the market or during the time 
the bird is held at the market, which is assumed to be at least five hours (i.e. the shortest 
hours of operation at any given market). Therefore the estimated likelihood of an 
infected live duck shedding virus while held in the market is considered to be high with 
low uncertainty. Due to evidence indicating that a latent period of less than 24 hours is 
possible in H5N1-infected chickens, the likelihood was estimated to be very high, also 
with low uncertainty. Given that the likelihood of an ILB shedding virus is independent 
of any market related factor, the likelihood score was deemed equal for all 17 markets. 
 
6.3.2! Step 3 Likelihood of an ILB not being detected and removed  
This step of the exposure pathway involved a number of steps that are outlined in 
sequence below. 
6.3.2.1! ILB is clinical (LHa and LHb in Figure 6.2) 
Onset of clinical signs in H5N1-infected chickens typically occurs between one and 
three days post infection. If traders purchase their stock in the days prior to market day 
and store the birds at home, as survey findings suggest, this would allow sufficient time 
for infected birds to display symptoms. However H5N1 induces a short latent period 
and highly virulent strains may result in death prior to disease presentation. Therefore it 
is possible that an ILB may be shedding virus in the absence of clinical signs at the time 
it enters the market and during the 5-hour period considered in this assessment. 
Furthermore, survey findings suggest traders try to avoid purchasing birds that appear 
sick or diseased because they are more difficult to sell. Based on this information, the 
likelihood of an infected chicken being clinical (LHa) is estimated to be moderate. The 
likelihood of an infected chicken being non-clinical (LHb) is therefore also estimated to 
be moderate. Given that ducks are less likely to display clinical signs of disease 
compared to chickens, and have a slightly longer incubation period (approximately 4 
days), the likelihood that a duck is clinical (LHa) is estimated to be low and therefore 
the likelihood for an infected duck being non-clinical (LHb) is high. Due to results from 
surveys indicating no difference between markets in terms of traders avoiding birds that 
appear sick, likelihoods for all 17 markets were estimated to be the same. 
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6.3.2.2! Detection and removal of a clinical bird (LHc and LHd in Figure 6.2) 
Although each market was assessed separately, the LH for detection and removal of a 
clinical bird were estimated to be moderate or low, therefore the LH estimates for a 
clinical bird not being detected and removed were either moderate or high. 
 
6.3.2.3! Detection and removal of a non-clinical bird (LHe and LHf in Figure 6.2) 
Detection and removal of an infected bird, in the absence of clinical testing, relies on 
the presence of clinical signs of infection (as described in Section 6.2.8). Therefore in 
the absence of clinical signs, the LH of an infected bird being detected and removed 
would typically be considered to be negligible. However, there is a possibility that non-
clinical bird is removed from the market due to some other reason independent of HPAI 
infection, for example if a trader removes a bird suffering from injury. Therefore a LH 
of very low, which means the event rarely occurs, was deemed appropriate for the LH 
of a non-clinical ILB being detected and removed. Based on this, the LH of a non-
clinical ILB not being detected and removed is determined to be very high. 
 
6.3.2.4! Likelihood that an ILB is not detected and removed (LH2 of the exposure 
pathway) 
As mentioned previously, each market was assessed separately for chickens and ducks 
with results outlined in Tables 6.8 to 6.11. The level of uncertainty was deemed to be 
high based on the method by which the definitions for detection and removal were 
determined. 
 
6.3.3! Step 4 Likelihood of exposure of a susceptible bird via contact with the 
hazard 
In this assessment, the risk of exposure to the hazard within markets was determined to 
occur primarily through direct contact with an ILB or indirectly via contact with a 
contaminated environment (bird cage or market floor) and therefore each form of 
potential contact was assessed separately. 
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6.3.3.1! Likelihood of exposure of a susceptible bird through direct bird-to-bird 
contact with an ILB 
Given that the species of bird did not influence the cage and stocking density, the LH 
estimates for chickens and ducks were considered equal. Although cage and stocking 
density were determined by inspecting markets, which in some cases occurred over a 
relatively small number of visits, no major differences among these factors were 
observed at markets which were visited multiple times, therefore the level of uncertainty 
was estimated to be moderate. 
 
6.3.3.2! Likelihood of exposure of a susceptible bird through indirect contact with 
a contaminated environment 
For this assessment, the possible pathway for indirect exposure to the hazard was 
determined to be through contact with an environment that has been contaminated with 
infective virus shed by an ILB. Studies have demonstrated that AIVs can survive for 
periods long enough to sustain viability on a number of different surfaces found in 
markets in the time period being assessed. Evidence indicates that both chickens and 
ducks excrete adequate levels of HPAI H5N1 virus to contaminate surfaces. Although 
airborne transmission is only effective over relatively short distances, feathers may 
disseminate further throughout the market environment and thus provide a suitable 
mode of indirect exposure to susceptible birds. However dissemination of feathers is 
likely to be less efficient in markets in which cages are sparsely spread over a wider 
area, especially those located outdoors. Given the above, and the assumption that 
markets are H5N1-free prior to entry of ILB, the LH of exposure through indirect 
contact was estimated to be high in markets with very high cage density, low for those 
located outdoors with medium to low cage density and moderate for the remaining 
markets. Although a reasonable amount of literature is available for environmental 
stability of AIVs in general, the studies specifically focusing on H5N1 are somewhat 
limited and therefore a moderate level of uncertainty was applied to the LH estimate. As 
both bird species shed similar levels of virus bird species LH estimates for chickens and 
ducks were deemed equal. 
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6.3.4! Step 5 Likelihood of exposure resulting in infection with the hazard of a 
susceptible bird  
6.3.4.1! Likelihood of direct exposure resulting in infection  
Chickens and ducks have been shown to excrete high titres of virus from the respiratory 
and cloacal routes. It has also been demonstrated that these poultry species are highly 
susceptible to H5N1 viruses and require relatively small doses in order to become 
infected. In this context the likelihood of direct contact resulting in H5N1 infection of a 
susceptible bird was determined to be very high for all markets and for both chickens 
and ducks. Based on the available evidence in the literature supporting the high 
susceptibility of chickens and ducks to H5N1 HPAI infection the level of uncertainty 
was deemed to be low.  
6.3.4.2! Likelihood of indirect exposure resulting in infection  
Survival of AIVs outside the host is largely dependent on the ambient environment. 
Although avian influenza viruses survive better in cooler and less humid conditions than 
found in tropical climates, evidence suggests that the viruses are able to maintain 
infectivity in the conditions found in Bali and Lombok for periods long enough to infect 
a susceptible host (see Sections 1.2.6 and 1.3.1.3). Chickens and ducks have both been 
shown to excrete large amounts of virus whilst requiring minimal doses to become 
infected. However, the available literature suggests that indirect contact is less efficient 
as a mode of viral transmission than direct bird-to-bird contact (Section 1.2.4). Based on 
the above, the likelihood of infection resulting from a susceptible bird contacting a 
contaminated environment is therefore estimated to be high with a low uncertainty. As 
the climatic conditions of the market locations were not expected to differ significantly, 
nor were the level of virus excretion from chickens and ducks, the likelihood is 
expected to be the same for each market and for both bird species.  
 
6.3.5! Overall likelihood of a susceptible bird becoming infected after exposure 
with the hazard at a LBM 
6.3.5.1! Overall likelihood of infection via direct bird-to-bird exposure 
The LH of infection of a susceptible bird through direct bird-to-bird exposure was 
determined by multiplying each of the LHs estimated along the pathway (i.e. LH1 – 3 and 
LH5). In Bali, the LH of infection via direct exposure was estimated to be high for all 
markets, with the exception of Bale Agung in which the risk was determined to be 
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moderate. Likelihoods determined for Lombok markets varied between high and very 
low. No difference was observed in the LH of infection via direct exposure for each 
market between assessments conducted for chickens and ducks in either Bali or 
Lombok.  
6.3.5.2! Overall likelihood of infection via indirect exposure with a contaminated 
environment  
The LH of infection of a susceptible bird through indirect exposure to the hazard was 
determined in the same manner as via direct exposure, replacing LH3 and LH5 with LH4 
and LH6 of the exposure pathway. Likelihoods for Bali were determined to be moderate 
to high, whilst for Lombok estimates were either low or moderate, with no difference in 
likelihood between chickens and ducks. 
6.3.5.3! Overall likelihood of a susceptible bird becoming infected in a LBM 
through a combination of direct and indirect exposure with the hazard 
The overall likelihood of infection of a susceptible bird at a given market was 
determined by combining the partial LHs estimated for direct and indirect routes of 
infection using the rules set out in Box 6.2. Likelihoods for Bali varied between high 
and very high, whilst the risk for infection of a susceptible bird in Lombok’s markets 
varied from low to high. No difference in likelihood was identified in the chicken and 
duck assessments. 
6.3.6! Mitigation strategy 
The results of the sensitivity analysis conducted at step 3 of the exposure pathway 
(Tables 6.12 and 6.13) indicated no difference in overall likelihood of a susceptible bird 
becoming infected on introduction of an infected chicken between the 17 markets for 
each of the three removal definition categories evaluated. Similarly no difference 
between markets was observed between the low, moderate and high categories when the 
ILB was a duck. The overall likelihood for an ILB not being detected and removed did 
not differ when evaluated at low and moderate (or status quo) categories of clinical bird 
removal, for which both were estimated to be high. However, the likelihood reduced to 
moderate when evaluated at the highest level of removal (i.e. implementation of 
mitigation strategy).  
The impact of the mitigation step (i.e. introduction of a fine for bringing clinical birds 
into the market) reduced the risk of infection through direct bird-to-bird exposure from 
high to moderate for eight markets in Bali (i.e. all markets except Bale Agung) and 
three in Lombok (Bertais, Narmada and Sindu). A similar finding was observed for LH 
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estimates for indirect contact, whereby LHs for markets with a high estimate were 
reduced to moderate. However this was only observed for three Bali markets (Anyar, 
Galiran and Umum). No changes were identified for markets in Lombok.  
The result of the mitigation strategy on the overall risk of infection was a decrease in 
risk from very high to high for three markets in Bali (highlighted in Table 6.12) and 
from high to moderate for a single market in Lombok (Narmada).  
No difference was observed between each of the three removal definition categories 
tested for ducks and therefore the results are not shown. The overall likelihood of 
infection of a susceptible bird for each market was  the same for both the chicken and 
duck assessments, the resulting overall likelihoods displayed in each of the tables 
applies to both species.
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6.4! Discussion 
6.4.1! Overview 
In low resource settings, surveillance, behaviour change modification and control and 
prevention activities is important should be targeted at markets that pose the most 
significant risk of disease transmission. Results of the studies outlined in earlier 
chapters revealed differences between markets in terms of infrastructure, biosecurity, 
trader practices, and trader knowledge of and perceptions toward avian influenza, which 
may influence the persistence and transmission of AIVs in LBMs. In addition, an 
analysis of the movement patterns of live poultry to and from surveyed markets, 
described in the previous chapter, identified key locations within each network with an 
increased potential to become infected and/or disseminate virus. The objective of this 
study was therefore to further assess the potential risk of bird-to-bird transmission of 
HPAI H5N1 for each of the 17 markets by utilising components of the OIE risk 
assessment framework. 
This study describes the results of a qualitative assessment of the risk of exposure and 
infection of at least one susceptible bird over a 5-hour period on a normal, non-peak 
trading day, given that one HPAI H5N1 infected bird enters the market. Separate 
assessments were conducted to provide an estimate of the overall risk of infection for 
each of the 17 LBMs for both chickens and ducks.  
6.4.2! Likelihood estimates 
Based on the findings of the current assessment the overall risk of a susceptible bird 
becoming infected with HPAI H5N1 is higher for birds entering LBMs surveyed in Bali 
than Lombok. Of the nine markets in Bali, three (33%) were identified as having a very 
high risk, meaning that exposure to the virus either directly or indirectly is almost 
certain to result in infection if an infected live bird is introduced into the market (based 
on the definitions set out in Table 6.2). In the remaining six (67%) Bali markets, and in 
four (50%) of the eight surveyed in Lombok, infection is highly likely to occur and two 
(25%) markets were found to have a moderate likelihood. Therefore effective 
transmission would be unlikely to occur in only two (12%) of 17 markets (i.e. low or 
very low likelihood estimates). No difference in risk estimates was established for either 
chickens or ducks for any of the surveyed markets, which can be expected given that 
both species shed large amounts of virus. However, given the rapid onset and severity 
of clinical disease commonly observed in chickens once infected, a chicken is more 
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likely to die than a duck during the assessed time period, although this has no impact on 
the outcome of the assessment described here.  
6.4.3! Likelihood of infection by direct versus indirect contact 
When comparing the risk of infection via direct and indirect routes, the findings indicate 
that a susceptible bird is more likely to become infected with the virus as a result of 
bird-to-bird contact than through environmental contamination in 53% (n = 9) of the 
surveyed markets. Infection as a result of indirect exposure poses a greater risk than 
direct contact in only two (12%) markets (Gerung and Tanjung), albeit marginally, 
given that the likelihood for both routes of exposure was low and therefore unlikely to 
occur. In the remaining six markets on Lombok the risk of infection through direct and 
indirect routes of exposure were determined to be the same. No market was found to 
have a very high risk of infection for either route of exposure, however infection 
resulting from direct bird-to-bird contact is highly likely to occur in 67% (n = 11) of 
markets, especially those located in Bali (89%, n = 8). Likelihood estimates resulting 
from direct contact in Lombok markets were more diverse, ranging from high to very 
low, reflecting the greater variation observed between markets within Lombok 
compared to those surveyed in Bali with regard to layout and subsequently, proximity 
of birds.  
The matrix has a large influence on the overall risk outcome due to the multiplication of 
sequential steps, which inevitably means that the overall likelihood cannot equal less 
than the lowest likelihood determined along the pathway. Based on this, the major 
factor influencing the overall risk ratings for the majority of markets in the current 
assessment was the likelihood of indirect contact. Among Lombok markets however, 
LH of direct exposure was also a major contributing factor.  
As mentioned in the methods, indirect transmission of the virus requires an ILB to 
contaminate surfaces with adequate levels of infectious virus to which a susceptible bird 
may come into contact. With regard to the current assessment, this was determined to 
occur primarily through contact with cages or floors, given that these are the surfaces 
most likely to have been contaminated by an ILB and consequently contacted by a 
susceptible bird. Practices observed during field visits (outlined in Chapter 2) that 
increase risk of exposure of a susceptible bird to a contaminated cage or floor include 
moving birds between cages, stacking cages on top of each, the absence of trays to 
collect faecal matter and feathers and placing uncaged birds directly onto market floors 
on which an ILB may have been held at some point during the time period assessed. In 
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this context, markets were deemed equal as each practice mentioned above was 
observed at each of the 17 surveyed markets.  
An alternative mode of indirect transmission considered in this assessment was 
exposure to contaminated feathers shed from the ILB. In contrast to transmission via 
cages and floors, which relies on birds physically contacting the contaminated surfaces, 
feathers and dried faeces have the ability to be disseminated through the market 
environment and therefore expose uninfected birds to the virus over a wider area. 
However this mode of transmission is likely to be more efficient in certain market 
settings than others such as in high cage density markets as opposed to those in which 
cages are spread out over a large area and located outdoors. This therefore resulted in a 
slightly lower LH estimate for some markets, especially in Lombok where the overall 
cage density and number of cages was found to be typically lower.  
Overall, the LH of indirect exposure was largely dependent on factors related to 
stability of the virus outside of the host and the ability of the infected bird to shed 
adequate levels to contaminate the market environment. The range in H5N1 viral titres 
reported for chickens and ducks is similar and hence the absence of a difference in the 
assessments of the two species. Another factor that required consideration for the LH of 
indirect exposure, in addition to those discussed above included the type of surfaces 
present in each of the markets that may potentially be contaminated (i.e. cage and floor 
materials). However as the variation between markets in these terms was relatively 
small and all major surface materials found in markets (e.g. wood, concrete, tiles and 
soil) have been shown to support viral persistence for the time period assessed (as 
discussed in Section 1.2.6) all markets were assessed equally in this regard. Although 
numerous studies have demonstrated that AIVs can survive on various surfaces 
(including porous and non-porous materials, feathers and water), the availability of 
literature pertaining to HPAI H5N1 in particular is limited and is therefore the reason 
why a moderate level of uncertainty was applied to the LH estimate.  
6.4.4! Factors to consider  
Direct bird-to-bird transmission of AIVs requires birds to be held in close proximity and 
thus the LH estimates presented in the current assessment were primarily based on two 
main factors determined to influence proximity: cage and stocking density. These 
factors, along with others used for LH estimates for indirect contact, were qualitatively 
assessed during field visits. Although every effort was made to visit the 17 markets 
multiple times it was unfortunately not always feasible. Therefore whilst most markets 
were visited on at least two to three occasions, observational data was only collected 
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from a single visit to four of the eight markets in Lombok. It could be argued that 
observations taken from so few visits limits the reliability of the data, however the type 
of data collected (e.g. cage and stocking density, cage and floor materials, husbandry 
practices etc.) is not likely to vary greatly over time without major changes taking place. 
Information from the local enumerators revealed that, with the exception of a single 
market (which moved location and was one of the 13 visited on more than one 
occasion), no such changes to market structure had taken place during the course of the 
study. Furthermore, no difference was observed in markets in which data was collected 
on numerous occasions, indicating that these features remain relatively constant in the 
absence of some sort of intervention to change practices. 
A number of assumptions have been made that need to be considered when interpreting 
the findings. Firstly, this assessment was based on a normal non-peak period, which 
may affect the overall outcome by underestimating the risk during peak times. 
Numerous religious and cultural festivals are held frequently throughout the year in Bali 
and Lombok (Martin 2006), the majority of which require live poultry for ceremonial 
slaughter and consumption (Mastika 2007), resulting in a huge increase in the volume 
of poultry moving through the live bird marketing system. Therefore the risk may 
increase during such peak times.  
The time period assumed in this assessment was five hours as this was the minimum 
number of trading hours for any of the 17 surveyed markets during normal non-peak 
times of the year. In Bali markets typically trade for approximately eight hours per day, 
regardless of the time of year, and during peak times Lombok markets may also remain 
open for a similar number of hours. In addition, it was assumed that the ILB remains in 
the market for a minimum of five hours, although in reality it would likely be much 
less. Firstly because the ILB may be sold off quickly and secondly due to differences in 
the marketing practices between permanent and temporary markets as well as vendors 
and collectors, which influence the overall time a trader, and hence the infected bird, 
spends at the market. Collectors in general remain at the markets for relatively brief 
periods compared to vendors, especially if they are not selling birds directly to the 
customers. Mobile vendors, typical in temporary markets in Lombok, also tend to 
remain for shorter periods than vendors in permanent markets (as outlined in Chapter 
2). Based on the above, the risk of exposure and infection may be overestimated in 
some markets and underestimated in others. 
Live bird markets are assumed to be H5N1 free prior to ILB entering market however 
this is unlikely to reflect reality. In an endemic area such as Bali, the combination of 
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large volumes of birds moving through poultry markets on a daily basis, the lack of 
adequate cleaning and disinfection procedures practised and evidence demonstrating the 
presence of multiple AIV subtypes in LBMs (Amonsin et al. 2008, Indriani et al. 2010, 
Lee et al. 2010), it would be not unrealistic to assume that the surveyed market 
environments are infected with H5N1 as well as other subtypes. When more detailed 
data on virus prevalence in each of the 17 markets becomes available, a release 
assessment could be conducted providing a more accurate assessment of the risk of 
exposure and infection.  
Poultry sold at each of the assessed markets were assumed to be unvaccinated based on 
the available literature that indicate vaccination is more likely to occur in the industrial 
sector than in backyard or mid-sized operations (Forster 2009). Currently, only sector 3 
(S.3) and 4 (S.4) farms operate in Bali and Lombok and although some of the S.3 farms 
may use vaccination as a preventative measure against HPAI, there has been a great 
deal of speculation around the efficacy of many of the vaccines available in Indonesia 
(Forster 2009). Furthermore, the survey findings indicate that the vast majority of 
poultry sold in each of the surveyed markets originates primarily from backyard farms. 
Although, given that many respondents reported sourcing poultry from other traders, of 
which the origin is often unknown, it is possible that a greater proportion of birds were 
produced in the commercial sector (i.e. Sector 3) than the survey findings suggest. 
Studies have demonstrated marked variation in the efficacy of H5N1 vaccination 
depending on the type of vaccine, strain of virus and poultry species, although there is 
evidence to suggest that vaccination can reduce transmission mortality and morbidity 
when effective (Section 1.3.7.3).  However many studies have also reported viral 
shedding post-vaccination even in cases where death and clinical disease were reduced. 
Consequently, vaccinated poultry may continue shedding infectious virus in the absence 
of clinical signs, making it more difficult for traders to identify infected birds. In 
addition to vaccination, previous exposure to LPAI viruses may also provide some 
protection against HPAI virus strains (Section 1.3.7.3) potentially increasing the 
resistance of uninfected birds to the virus and reducing the overall likelihood of 
infection. 
One of the final assumptions made was that both the infected and susceptible bird was 
either a chicken or duck. Although these are the dominant species sold in each of the 
surveyed markets, other bird species are also often sold, especially in Lombok. If all 
bird species sold were included in the assessment, the resultant findings may differ due 
to the differences in susceptibility, shedding patterns and clinical presentation of the 
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virus. Although turkeys and geese have been shown to be as susceptible to H5N1 
viruses as both chickens and ducks, other species such as pigeons are less susceptible 
and transmit poorly to in-contact animals (Section 1.2.4). 
6.4.5! Reducing the risk of infection 
The current study has demonstrated that the risk of bird-to-bird transmission of HPAI is 
significantly high in the vast majority of surveyed markets. Without appropriate 
interventions to reduce the opportunity for transmission to occur within markets, 
preventing the spread of virus in Bali and Lombok will be extremely difficult given the 
important role markets play within these regions. Based on the findings of this study the 
majority of surveyed markets would benefit from improving the rate of detection and 
removal of clinical birds and decreasing the potential for direct bird-to-bird contact and 
indirect exposure to the virus through a contaminated environment. The risk of exposure 
and infection can be minimised with small improvements. Increasing the rate of 
detection could be accomplished by educating the traders on clinical signs typically 
associated with HPAI. Findings from the survey indicate that many traders do in fact 
visually inspect birds for signs of ill health and try to avoid purchasing sick birds. Once 
clinical birds have been detected its vital they are removed to prevent transmission to 
other birds and to prevent contamination of the market environment. Markets should 
therefore have a system in place that enables traders to dispose of sick and dead birds 
safely. Suggestions for reducing the potential for direct forms of contact include: 
eliminating the practice of stacking cages or, at the very least, ensure that cages have 
adequate bases to prevent faecal material and feathers dropping to cages below and to 
reduce aerosol spread; separate bird species based on susceptibility and clinical 
presentation; and ideally, birds sourced from different locations should also be 
separated, although this would be difficult to achieve given the nature of the trade in 
Lombok, where small numbers of birds are often collected from various locations. 
Improving cleaning and disinfection routines within markets and encouraging traders to 
clean transport cages properly can reduce contamination of the market environments.  
6.4.6! Limitations 
The reason that a qualitative rather than a quantitative approach was employed for this 
assessment was due to the limited availability of necessary input parameters for the 
various steps of the exposure pathway for each of the 17 markets. This invariably led to 
certain limitations commonly associated with qualitative assessments that require 
consideration when interpreting the results. Firstly is the issue of subjectivity. As 
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discussed in Section 1.6 of the literature review, the use of descriptive terms to express 
the probability of risk ultimately leads to a certain degree of subjectivity. To overcome 
this issue, each step of the process including all assumptions, uncertainties, methods and 
results are based on available scientific evidence where possible and have been clearly 
defined to allow for greater transparency. Secondly, there is currently no standardised 
approach for qualitative risk assessments. This is largely attributed to the diversity in 
risk combination matrices that can be employed to obtain final probability estimates and 
the need to apply risk category definitions relevant to the potential risk outcomes 
resulting from the current assessment.  
A further limitation is the difficulty of integrating uncertainty and variability into 
qualitative assessments. Uncertainty, defined as the lack of precise knowledge of the 
input values, can be reduced when more data becomes available. In the current 
assessment, the greatest level of uncertainty was associated with step 3 of the pathway 
(i.e. LH of ILB not being detected and removed) due to the methods used to determine 
each of the definitions. In order to reduce the level of uncertainty at step 3, more 
detailed information is required on the level of detection and removal of clinical birds. 
Although the LH of detection would naturally be highest if the bird could be tested for 
virus, in reality this is not feasible in a market setting. Therefore another more viable 
option would be to specifically ask traders to identify clinical signs typically associated 
with HPAI. Similarly, uncertainty surrounding the LH of removal could also be 
improved by asking traders to outline the complete procedure taken when a HPAI 
infected bird is suspected. The level of uncertainty associated with the LH of direct 
bird-to-bird exposure at step 4 could also be reduced through surveying poultry traders 
on practices related to the proximity of birds being held in markets. Alternatively, or in 
combination with the former, uncertainty related to direct exposure might also be 
improved by increasing the number of visits to each market. In contrast, uncertainty 
related to the LH of indirect exposure can only be improved by further studies into 
environmental stability of the H5N1 virus.  By reducing uncertainty at each step of the 
pathway to the lowest possible level, the accuracy of risk LH outcomes could be greatly 
enhanced. 
Variability represents the natural variation that exists which, unlike uncertainty, cannot 
be overcome with additional resources.  Although an important factor to characterise in 
risk assessments, variability is a quantitative description of the range or spread of a set 
of values (U.S. EPA 2011) and thus is not normally assessed when undertaking a 
qualitative assessment.  When considering exposure of a susceptible bird to HPAI 
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H5N1 virus, variation may exist within virus transmission parameters such as latent and 
incubation periods, viral titres shed by infected birds and clinical signs. In addition, 
traders vary in terms of the length of time spent at the market, the types of cages utilised 
and their ability to detect H5N1-infected birds. Cage and stocking density, which 
influence bird proximity, also naturally vary within a market depending on the time of 
year and the number of birds present on a given day.  
In addition to the exposure assessment, the current study also assessed the potential 
impact of implementing a mitigation strategy on the overall risk.  It was important to 
select a feasible approach that requires minimal cost and effort without affecting trade. 
Therefore a strategy based on discouraging traders from transporting clinically affected 
birds to the markets (e.g. introducing a fine for traders found to be selling ill looking 
birds) was selected and a sensitivity analysis was conducted at Step 3 (i.e. clinical step) 
of the exposure pathway. Although the results failed to demonstrate any changes for the 
low or moderate (i.e. status quo) removal definition categories, at the highest level (i.e. 
implementation of the mitigation strategy) the LH of an ILB not being detected and 
removed would result in a decrease from high to moderate for all surveyed markets. 
Similarly, the LH of infection through direct and indirect exposure would also decrease 
to moderate for all markets deemed at a high risk. In terms of overall risk of infection, 
the mitigation step was also found to result in a decrease of one risk category for 
markets identified as being at very high risk in Bali and for a single market in Lombok 
with a high risk. The small reduction in risk produced by the mitigation step suggests 
current practices of surveyed traders offer some protective effects against the 
introduction of clinical birds into the marketplace. Such behaviours include conducting 
visual inspections of birds for signs of illness (e.g. checking for redness and swelling of 
combs, diarrhoea and nasal secretions). However, there are a number of factors that 
need to be taken into consideration when interpreting these findings. Firstly, for step 3 
of the exposure pathway and the mitigation step, LH estimates were largely based on 
how we defined detection and removal and thus may have a significant impact on the 
overall outcome. As outlined in the methods, the LH of detection was based on the 
ability of a trader to identify clinical signs of HPAI infection in chickens and ducks 
taken from interview responses. However the question from which this information was 
derived (i.e. ‘what do you do to ensure the birds you sell are disease-free?’) was open 
ended. In addition to stating that physical examinations of birds were conducted prior to 
purchase, most respondents provided examples of the features typically observed. 
However, respondents were not specifically requested to describe every physical feature 
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they looked for and therefore it is possible that respondents only provided a subset of all 
observed features. If this were the case then a greater proportion of traders could be able 
to detect clinical birds than is reported here. Another important point to highlight is that 
despite traders claiming to avoid disease by purchasing healthy looking birds, it is not 
unheard of for farmers suspecting HPAI or experiencing sudden bird deaths among their 
flocks to try to minimise economic losses by sending birds to the market for quick sale 
(Morris et al. 2005). The definition for removal was slightly more complex, hence the 
different definitions used for the mitigation step that represented lower and higher levels 
of clinical bird removal. As the survey did not request respondents to outline specific 
details of procedures taken in the event of identifying a clinical bird, definitions for 
removal were based on responses from either one or two interview questions (as 
outlined in the methods). The status quo was based on separation of sick from healthy 
looking birds. However it is important to note that this does not necessarily imply 
removal from the market. Despite only a small number of sick birds observed during 
field observations, it was not uncommon to see them housed with the healthy birds in 
adjacent cages or on top of cages holding healthy appearing birds. Although separating 
sick from healthy birds may reduce the opportunity for direct bird-to bird contact 
between an infected and susceptible bird, the infected bird may still pose a threat to 
other birds via aerosol transmission (if in close proximity) or through contamination of 
the environment.  
On a final note it is worth pointing out that given the H5N1 endemic status of Bali and 
possibly Lombok, a more appropriate approach may have been to model infection 
transmission rather than to conduct a risk assessment. However a risk assessment was 
considered to be a suitable approach to answering the questions and objectives of the 
thesis given that the focus was on assessing the comparative risk of bird-to-bird 
transmission of HPAI H5N1 within and between markets with the aim of ranking 
markets, investigating diversity across markets and attempting to identify interventions 
appropriate for low resource settings. Furthermore, the current study did not focus on 
the number of birds moving through different stages of infection, which is the primary 
focus of a transmission model.  
6.4.7! Conclusion 
In summary, the current assessment has identified those markets at greatest risk of 
exposing susceptible birds to HPAI H5N1 virus. Combined with the findings of the 
network analysis, markets can be ranked in terms of the overall risk they pose for virus 
  239 
transmission and dissemination. If possible, funding and resources should be targeted 
toward markets posing the greatest threat. 
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Chapter 7:!General Discussion 
The global impact of HPAI H5N1 has surpassed that of any other avian influenza virus 
to date. Indonesia was one of the first countries to experience outbreaks since the 
emergence of the current HPAI H5N1 epidemic in 2003. Despite more than a decade of 
concerted domestic and international efforts to eradicate the disease, the virus remains 
firmly entrenched throughout the country. Complicated by a decentralized government, 
understaffed and underequipped diagnostic laboratories, poor veterinary infrastructure, 
a complex poultry marketing chain and more than 13000 live bird markets scattered 
throughout more than 17000 islands, the challenges facing Indonesia to control the 
disease are immense. 
Early in the epidemic it became clear that traditional epidemiological methods for 
disease control and investigation were inadequate to combat a disease that is so 
significantly influenced by human-mediated actions. Alternative approaches, integrating 
knowledge and methodologies from a variety of disciplines, and involving all 
stakeholders in the poultry marketing chain, are required to tackle this complex 
problem. 
The work presented in this thesis applied a combination of epidemiological and social 
research methods to investigate the role of LBMs in the potential transmission and 
spread of HPAI in Bali and Lombok. A total of 17 LBMs throughout the two islands 
were studied to (i) identify trends in the movement, marketing and management of live 
poultry, (ii) describe the poultry movement networks, (iii) identify the knowledge and 
perceptions of traders on HPAI transmission and prevention and (iv) determine the risk 
of HPAI H5N1 exposure and infection of poultry in each of the studied markets. The 
overall findings of this thesis highlight a number of distinguishing features of LBMs in 
Bali and Lombok that pose unique challenges in the prevention of AI transmission and 
spread, and that place both birds and people at risk of exposure and infection to HPAI 
viruses. The major findings from each component of the study are discussed in the 
following sections, followed by a summary of areas that would benefit from further 
research and concluding with a summary of how these findings contribute to the 
existing body of knowledge on the role of LBMs in the epidemiology of HPAI. 
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7.1! Description of a selection of LBMs in Bali and Lombok 
At the commencement of this thesis, available literature on LBMs was limited to US 
and Hong Kong markets and information on LBMs in Indonesia was extremely scarce. 
This necessitated the collection of data from markets that were included in the cross-
sectional survey to provide background information on the daily operations, 
infrastructure, market condition and biosecurity, to give a better understanding of the 
current situation at the LBMs. This information provided important background 
material and knowledge for all of the subsequent studies in the thesis. 
This early observational and descriptive study revealed several distinguishing features 
that could facilitate the maintenance and circulation of AIVs in LBMs in Bali and 
Lombok. Conditions differed greatly among markets; however, most markets were in 
poor condition with little evidence to suggest that cleaning of markets and cages was 
undertaken on a daily basis. Adherence to recommended biosecurity practices set out by 
WHO, FAO and OIE were essentially neglected. Most markets lacked basic 
infrastructure to implement recommended biosecurity measures, such as appropriate 
waste management, separate areas for selling of different avian species and tapped 
water. In addition, there was a constant flow of birds entering and leaving the markets 
with no designated delivery points or bird health checks.  
Based on observations of the market environments, risk of infection and contamination 
was potentially greater in permanent markets given that they were generally in worse 
condition (in terms of cleanliness) and had a higher cage density than temporary 
markets. Considering that all nine markets in Bali were permanent markets, it suggested 
that the potential risk could be greater in Bali. However, markets in Lombok appeared 
to have a higher bird trading activity (in terms of frequency of sales, not volume of 
birds) than Bali, resulting in higher numbers of movements, which could also influence 
the potential for disease spread between markets and villages. Overall these findings 
demonstrated that significant changes were necessary to implement and improve 
biosecurity at markets in order to reduce the opportunity for virus introduction and 
subsequent infection of birds (or people) and contamination of the market environment. 
Examples of major improvements required include: installing (or improving) liquid and 
solid waste systems, resealing floors, creating separate zones for different bird species 
or moving the market from the current location to a designated area for poultry trading. 
Minor improvements include: separating slaughtering activities from live poultry 
trading, creating one designated entrance to the market for delivery and pick-up of birds 
and installing properly managed and maintained footbaths at all entrances. Two markets 
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found to be in exceedingly poor condition were Mengwi (Bali) and Bertais (Lombok). 
Not only do these markets require structural improvements but also the overall 
condition and level of biosecurity implementation were very low and therefore, based 
on observations, could pose a greater threat to bird and human health compared the 
other 15 markets.  
In summary, this study identified key areas of markets that require attention from 
authorities and provided a basis to build upon for subsequent chapters to identify 
markets for targeted control and prevention activities by local authorities.  
 
7.2! Marketing and management of live poultry in LBMs 
Once HPAI is established in a region, local spread occurs largely as a result of human-
mediated movements of live poultry, poultry products, equipment and people (Morris et 
al. 2005, Simmons 2006b, Sims 2007). It is well known that live bird markets contribute 
significantly to the perpetuation of AIVs thus a strong need exists for a better 
understanding of the role of LBMs in the epidemiology of HPAI. The majority of 
currently available data on LBMs relates to the prevalence of AIVs. In comparison, 
relatively few studies have investigated the practices of live poultry traders and how 
those behaviours may contribute to the persistence and circulation of AIVs, particularly 
to and from LBMs. 
Given the limited information on the contribution of traders in disseminating disease, a 
cross-sectional survey of live poultry traders in LBMs was used to collect data on a 
range of practices related to poultry trading and bird husbandry. Information derived 
from the survey was used to identify trends and drivers for the marketing and 
management of live poultry.  
The findings from this study corroborated many findings from the LBM descriptive 
study. Traders rarely practiced appropriate cleaning and disinfection of vehicles and 
cages, neglected to separate bird species and, in Lombok, traders often slaughter birds at 
markets. Preventative behaviour was largely influenced by education status and was 
generally found to be better among traders in Bali where there had been more 
government intervention (Hunter et al. 2014). Collectors and traders selling larger 
quantities of birds were also found to engage in more preventative practices than 
vendors or traders selling smaller quantities of birds. This was likely related to the 
higher education levels of collectors and traders selling larger volumes of birds. 
Preventative behaviour was also significantly better among traders selling only one 
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poultry species compared to traders selling both chickens and ducks. However, an 
explanation for this difference was not ascertained in this study and warrants further 
investigation. There was also some evidence suggesting that gender may influence 
behaviour, as female traders in Bali were found to practice more positive practices 
compared to male traders in Bali. Comparisons of trader behaviour among the surveyed 
markets revealed significant differences between markets in Bali. The findings indicate 
that traders from Anyar and Galiran markets engaged in less ideal practices compared to 
traders at other markets in Bali. Although no significant differences were identified in 
the trader behaviour between markets in Lombok, there was some evidence to suggest 
that traders from Renteng practice lower levels of preventative behaviour compared to 
other markets given that values were close to significant levels. The overall low levels 
of biosecurity practiced by traders (and many customers) place birds and people at risk 
of becoming infected and increases the potential for virus to be spread between 
locations. 
The high prevalence of kampung chickens and the few traders who reported sourcing 
birds from commercial farms indicates that most birds sold at LBMs originate from 
backyard farms, which are known to have low biosecurity (WHO 2006b). The fact that 
traders primarily sourced birds from other traders means that birds had most likely 
changed hands several times before entering the markets. It was extremely rare for 
traders to pass through any bird checkpoints en route to the market. The potential for 
markets to become infected is therefore high due to the large numbers of birds with an 
unknown disease status that are sourced from many different locations. Given that the 
volume of birds sold by Balinese traders was four times as high as in Lombok, Bali 
markets may be at a greater risk for AIV transmission. The findings from this study 
highlight the need to educate traders on appropriate biosecurity measures, including 
proper disposal of dead birds and other poultry waste.    
 
7.3! Knowledge and perceptions of live poultry traders 
Controlling HPAI and limiting the impact on stakeholders of poultry industries relies on 
the adoption of appropriate biosecurity measures to reduce the opportunity for disease 
spread. Research has indicated that adoption of preventative behaviour is influenced by 
knowledge of HPAI and disease prevention strategies (Di Giuseppe et al. 2008).  
 
 244
To date, few studies have investigated the influence of knowledge of HPAI and 
biosecurity on preventative behaviour of poultry traders in Indonesia. Using information 
derived from the cross-sectional survey, this study aimed to provide insight into traders’ 
knowledge and perceptions about HPAI and prevention, and to determine whether 
increased knowledge influenced preventative behaviour. The findings demonstrated that 
knowledge among poultry traders about HPAI transmission and prevention was 
generally very low. Considering that increased knowledge was positively associated 
with preventative behaviour, this may explain why the preventative behaviour among 
traders, identified in the previous study, was also overall quite low. It suggests that 
educating traders on HPAI and disease prevention could lead to increased adoption of 
appropriate biosecurity measures.  
Education level was strongly associated with knowledge of HPAI and prevention yet 
being educated and having better knowledge about the disease did not appear to lead to 
better reporting behaviour. Bali traders were less willing to report compared to Lombok 
traders. However, a comparison of trader reporting behaviour between markets in Bali 
did not produce significant differences. There was evidence of differences in reporting 
behaviour of traders between markets in Lombok, with traders from Renteng, Gerung 
and Masbagik least willing to report. Reluctance to report among Bali traders is most 
likely influenced by fear of possible consequences or lack of compensation (Barennes et 
al. 2007, Schiffer et al. 2008). Reluctance and uncertainty surrounding reporting in 
Lombok was largely a result of traders not knowing where to report, suggesting that 
overall reporting behaviour of traders in Lombok could be improved if they knew where 
to report and who to report to. Accessing information from television had a strong 
positive effect on trader knowledge and therefore this medium may act as an important 
source for information transfer. Considering the wide range in age and education of 
respondents interviewed, it is important that no matter the medium used to transfer 
knowledge, educational material must be presented in ways that can be easily 
understood by people from all backgrounds. 
7.4! Movement patterns 
Findings from Chapters 2 and 3 indicated that a large number of movements were 
occurring through LBMs on a daily basis. Considering that the spread of HPAI occurs 
through the movement of live poultry, their products, people and equipment (Section 
1.3.6) it is important to have information on the type and magnitude of contacts between 
the various poultry market players. This will allow animal health authorities to gain a 
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better understanding of virus transmission dynamics occurring between villages and to 
identify key, high risk, markets at which to target control and prevention activities. 
Using a social network analysis approach, a network of contacts between poultry traders 
and customers was created for each island. Both islands displayed a high level of 
complexity of live bird movement networks. Although movements generally occurred 
over relatively short distances of approximately 10 km, some traders and customers 
were willing to travel great distances to buy and sell birds thus increasing the potential 
geographical distribution of disease. 
The density and connectivity of the Lombok network was greater than the Bali network, 
supporting findings from the LBM descriptive study and survey, which indicated that 
frequency of trade and therefore number of movements was higher in Lombok. The 
higher connectivity of the Lombok network has important implications in terms of 
epidemic potential. Disease introduced into the Lombok network would likely spread 
faster and affect a greater number of locations than in the Bali network. Narmada and 
Renteng markets play the largest role in Lombok, in terms of potential to disseminate 
disease throughout the network, due to the high number of both incoming and outgoing 
movements and could therefore be thought of as ‘super-spreaders’ within the network. 
Narmada, in particular, is highly influential because it also acts as an important bridge 
within the network, connecting otherwise unconnected nodes. The most influential 
markets in Bali were Mengwi and Galiran. Mengwi has the largest potential to 
disseminate disease throughout due to high numbers of movements, whereas Galiran 
acts as the main bridge within Bali. Although the study revealed several important 
findings related to the movement networks of poultry in Bali and Lombok, it is 
important to interpret the findings with the limitations set out in Section 5.4.6 taken into 
consideration. In particular the limited number of customers interviewed and the fact 
that respondents in general may not have reported every location from which they 
receive or transport birds to and as a consequence the networks are likely to be larger 
and more complex than demonstrated in this study. 
Despite the limitations, identifying key nodes within the network is very important and 
is one of the major advantages of using social network analysis because they can be 
targeted to inhibit or slow the spread of disease and are also locations where control and 
extension programs are likely to have the greatest impact.   
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7.5! Assessment of the bird-to bird risk for direct and indirect 
transmission of HPAI H5N1  
Analysis of the movement patterns of live poultry to and from surveyed markets, 
described in the previous chapter, identified key locations within each network with an 
increased potential to become infected and/or to disseminate the virus. The objective of 
this study was therefore to further assess the potential risk of bird-to-bird transmission 
of HPAI H5N1 for each of the 17 markets by utilising components of the OIE risk 
assessment framework. This study describes the findings of a qualitative assessment of 
the risk of exposure and infection of at least one susceptible bird over a 5-hour period 
on a normal, non-peak trading day, given that one HPAI H5N1 infected bird enters the 
market. 
The overall risk of a susceptible bird becoming infected with HPAI H5N1 is higher for 
birds entering LBMs surveyed in Bali than in Lombok. However, the likelihood of 
infection differed between markets in both locations. Three markets in Bali were 
identified as having a very high risk, Anyar, Galiran and Umum, meaning that exposure 
to the virus either directly or indirectly is almost certain to result in infection if an 
infected live bird is introduced into the market. Based on the outcome of the 
assessment, effective transmission was determined to be low in only two of the 17 
markets surveyed, Gerung and Tanjung markets in Lombok. In the remaining six Bali 
markets, and in five of the eight surveyed in Lombok, infection is highly likely to occur 
and one market (Renteng) was found to have moderate probability.  
The findings indicate that a susceptible bird is more likely to become infected with the 
virus as a result of bird-to-bird contact than through environmental contamination in the 
majority of surveyed markets. Infection as a result of indirect exposure poses a greater 
risk than direct contact in only two markets, albeit marginally, given that the likelihood 
for infection through both routes of exposure was low and was therefore unlikely to 
occur. Introducing simple mitigation strategies such as implementing fines for traders 
found to be selling sick birds could reduce the overall risk (from high to moderate using 
the specified example). 
7.6! Further research 
The findings from each of the studies conducted as part of this thesis have produced 
some interesting findings regarding the movement, marketing and management of live 
poultry through live bird markets. However, research into the role of live bird markets 
and poultry traders would benefit with further investigation. For example, the 
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knowledge and perceptions study described in Chapter 4 revealed that less than half of 
the vendors interviewed in the final round of data collection were willing to implement 
changes to improve biosecurity in markets. A deeper understanding of those reasons 
may enable authorities to find biosecurity solutions that are more likely to be adopted 
by traders. 
The studies from Chapters 3 and 4 identified several differences between trader 
categories that may also benefit from further investigation. For example, identifying 
whether the different trader categories have different risk profiles by conducting a risk 
assessment in a similar manner to that outlined in Chapter 6. This may enable further 
identification of high-risk poultry trader groups that can be targeted in control and 
prevention activities. Similarly, a social network analysis could be conducted on the 
movement patterns of each trader category to determine whether a specific group is 
more at risk of spreading disease than another.  
 
 
 !
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7.7! Conclusion 
Using a combination of traditional epidemiological and social science approaches, this 
thesis has demonstrated that markets are generally in poor condition and lack the basic 
infrastructure to implement recommended biosecurity practices. The problem is 
exacerbated by the fact that most poultry traders have limited understanding of how 
markets can become infected or how to prevent HPAI in poultry and therefore engage in 
high-risk practices. Due to these factors, most markets have a high risk of transmission 
of disease, either directly or indirectly, if HPAI virus is introduced. The high 
complexity and number of connections within each network demonstrates the potential 
for virus to spread throughout the network in a relatively short period, especially in 
Lombok.  
Without appropriate interventions to reduce the opportunity for transmission to occur 
within markets, preventing the spread of virus in Bali and Lombok will be extremely 
difficult given the important and differing roles that markets play within these regions. 
In low resource settings, it is important to focus efforts where they would have the 
greatest impact. Information derived from this study can be used to assist authorities to 
target control and prevention activities and to develop extension programs for markets 
that have the greatest chances of resulting in effective change.  
In summary the findings of this study have contributed considerably to a better 
understanding of the poultry trading dynamics in Bali and Lombok and have provided 
important insights into the role that live bird markets may play in the perpetuation and 
maintenance of HPAI.  
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Appendix A.! Questionnaire forms 
 
Consent Form (Vendor) 
 
 
Livestock Movement and Managing disease in Eastern Indonesia and 
Eastern Australia 
 
1.! I agree voluntarily to take part in this study. 
 
2.! I have been given a full explanation of the purpose of this study, of the 
procedures involved and of what is expected of me. The researcher has answered 
all my questions and has explained the possible problems that may arise as a 
result of my participation in this study. 
 
3.! I understand I am free to withdraw from the study at any time without needing to 
give any reason. 
 
4.! I understand I will not be identified in any publication arising out of this study.  
 
5.! I understand that my name and identity will be stored separately from the data, 
and these are accessible only to the investigators. All data provided by me will 
be analysed anonymously using code numbers. 
 
6.! I understand that all information provided by me is treated as confidential and 
will not be released by the researcher to a third party unless required to do so by 
law. 
 
Signature of Participant:  ________________________ Date: 
…..../..…../……. 
(Name) 
  
Signature of Investigator:  ________________________ Date: 
..…../…..../……. 
(Name)  
 
Supervisor’s Signature:  _________________________ Date: 
….../…..../….... 
(Name)
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Livestock Movement and Managing Disease in Eastern Indonesia and 
Eastern Australia 
Live Bird Market Questionnaire- Vendor 
 
Form identification code: _____ / _____/_____/_____ 
 
Objective:  
This questionnaire is being used to gain information on the movement, marketing and 
motivators of live bird trade. The information gathered will only be used for risk assessment of 
avian influenza transmission. Details provided will not be used for any other purpose and will 
not be released to people outside the project. 
 
Instructions for enumerators 
 
1.! At the start of each interview, please read out the preceding ‘objective’ statement. 
2.! Please read out carefully all the options for each question.  Before asking the respondent to 
indicate a preference, it will be useful to repeat all the choices once again.   Remember:  To 
some respondents the choices may not all be clear the first time you read them out; and 
others may have trouble remembering each of the options. 
3.! If the respondent does not know the answer to any question, then please enter code number 
0 as the correct response.  If the interviewee does not wish to answer any particular 
question, then please enter code number 10. 
4.! There are no correct or incorrect responses.  The response each person gives is correct for 
him or her.  Please do not guide respondents into giving the answers you prefer.  This will 
diminish the quality of your work.   
5.! There are a total of 14 pages in this questionnaire.  Please ensure at the start that all pages 
are included in this copy. 
 
A.!!!!!!General!Information!
 
Objective of this section: to provide details on the location, the interviewer, and contact 
information of the respondent 
 
Enumerator name:  Market:  
Date of interview  _ _/ _ _/ _ _ _ _    dd/mm/yyyy) Island 
 (please circle) 
(1) Lombok (2) Bali 
Time interview 
started: 
am / pm Market 
District: 
 
 
Time interview 
completed: 
am / pm Market  
Sub-district: 
 
Respondent name:  Market Village  
Respondent 
phone/email/home 
address: 
 
Data errors noted 
during entry: 
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B.! Personal!Background!
 
 
Objective of this section: to provide background information on the respondent 
 
B.1 In what year were you born?  __________ 
 
 
B.2 Gender: (Enter code number from list below)   
 ____   
  
1"="Male 
" 2"="Female 
 
 
B.3 What is the highest education level you completed?   
 ____ 
  
(Enter code number from list below)        
   
"
1"="No"formal"schooling"
" 2"="Primary"school"
" 3"="Junior"high"school"
" 4"="Senior"high"school"
" 5"="College/SO"
" 6"="University"degree"
"  
 
B.4 What is your religion? (Enter code number from list below)  
 ____   
"
1"="Islam"
2"="Hindu"
3"="Christian"
" 4"="Other"–"please"specify"_____________________"
 
 
B.5 Is this your primary occupation?  (Enter code number from list below) 
 ____ 
  
1"="Yes"
" 2"="No"–"what"is"your"primary"occupation?"______________________________ 
  
 
 
B.6 How long have you been a vendor at this market?  ______________ years"
 
"
   "
"
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C.! General!Background!–!Home/Farm 
 
Objective of this section: to provide information on general husbandry and biosecurity 
practices used at the respondents residence  
 
C.1 What species of birds do you keep at your home?  (Please tick appropriate boxes)"
"
"
1"="Self"consumption" " " " " " " "  
" 2"="Self"as"breeder" " " " " " " "  
" 3"="Sell"at"local"market" " " " " " " " """""""
4"="Sell"for"income"–"specify"where""
__________________________________________"  
" 5"="As"pets" " " " " " " " "  
" 6"="Religious"ceremonial"purposes" " " " " " """""""
7"="Other"–"specify"_______________________" " " " " "
 
      
C.2 What do you do with the manure and litter?  (Enter code number from list below) ____ 
"
1" =" Discard" outside" houseSIf" so" where" _______________" and" distance" from" house"
_____________"""metres"
2"="Bury"or"compost"
3"="Burn"
4"="Spread"onto"fields"
5"="Spread"around"home"
6"="Leave"it"where"it"is"
7"="Sell"it"
8"="Other"–"specify"___________________"
 
 
C.3 Have you had any sudden deaths in birds at your home or farm in the last 12 months? 
 (Please tick appropriate boxes)"
"
1"="No" " " " " " " " " " ____"
2"="Chickens! ! ! ! ! ! ! ! ! ____"
3"="Ducks!! ! ! ! ! ! ! ! ! ____!
4"="Other"–"specify"bird"type       ____ 
No. Birds Tick box On average 
how many? 
Reasons for keeping 
poultry (enter code 
from list below) 
1 None (go to Q C.2)    
2 Chickens - kampung    
3 Chickens – broiler    
4 Chickens – layer    
5 Ducks    
6 Muscovies    
7 Geese    
8 Quail    
9 Songbirds (if no other birds go to Q C.4)    
10 Fighting cockerels    
11 Other – specify    
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C.4 What was the total number of bird deaths at your home or farm last month? 
 
No. Types of birds 
Total No. of birds 
last month 
Total No. of bird 
deaths per month 
Did you report 
these deaths and 
to whom? 
1 Chicken    
2 Ducks     
3 Geese     
4 Quail     
5 Songbirds     
6 Fighting cockerels    
7 Other specify _______________________ 
   
8 None (Go to Question C.8)    
  
 
C.5 What other species of animals do you keep at your premises?  (Please tick appropriate 
boxes) 
 
No. Types of animals Tick box 
1 None  
2 Cattle   
3 Pig   
4 Rabbit  
5 Goat   
6 Dog  
7 Cat  
8 Other specify ________________________  
 
 
 
 
 
 
Objective of this section: to provide information on where the respondent acquires birds from -  
 
D.1 Do you own these birds?   (Enter code number from list below)  ____ 
 
1 = Yes 
 2 = No 
 
D.2 For these birds: (Please tick appropriate boxes)   Yes No  
 
1."Did"you"breed"them"yourself"at"your"household"or"farm" ____" ____" """
2."Did"you"acquire"them"from"another"household"in"your"village" ____" ____" """
3."Did"you"acquire"them"from"another"village" " " ____" ____" ""
4."Did"you"acquire"them"from"a"trader"or"collector" " ____" ____" ""
5."Did"you"acquire"them"from"another"market" " " ____" ____" "!
Which"market"(s)"–"specify""
____________________________________________"
D.! Origin!of!Birds!Being!Sold!at!the!Markets!
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"
6."Did"you"acquire"them"from"a"commercial"poultry"farm! ! !____" ____" ""
Where"–"specify"location""""
_____________________________________________!
7."Are"you"selling"them"for"someone"else" " " ____" ____" ""
8."Other"S"specify"""" ___________________________ ____" ____" "       "
 
 
D.3 During peak seasons (for the birds you sell):  
(Please tick appropriate boxes)     Yes No  
 
1."Do"you"breed"them"yourself"at"your"household"or"farm"" ____" ____" """
2."Do"you"acquire"them"from"another"household"in"your"village" ____" ____" """
3."Do"you"acquire"them"from"another"village" " " ____" ____" ""
4."Do"you"acquire"them"from"a"trader"or"collector" " ____" ____" ""
5."Do"you"acquire"them"from"another"market" " " ____" ____" "!
Which"market"(s)"–"specify"
"____________________________________________"
6."Do"you"acquire"them"from"a"commercial"poultry"farm! ! !____" ____" ""
Where"–"specify"location""
""_____________________________________________!
7."Do"you"sell"birds"for"someone"else" " " " ____" ____" ""
8."Other"S"specify"""" ___________________________ ____" ____ 
 
D.4 What do you do to ensure that these birds are free from disease?     
 
! _____________________________________________________________________!
_____________________________________________________________________"
 
 
D.5 Do you separate birds from different sources?1 (Enter code number from list below) 
____ 
 "
1"="Yes"S"how"long"and"what"distance"from"other"birds?!!
_____________________________________________________________________!
2"="NoS"why?!!
_______________________________________________________________!
" 3"="Sometimes"–"why?"_______________________________"
 
 
  
                                                1"Still"relevant"to"Collectors"(They"separate"the"birds"based"on"the"day"they"collect;"the"earlier"the"sooner"to"be"sold!)"
  255 
D.6 Do you obtain the following types of poultry from sources outside Bali/Lombok for sale at 
markets?  
 
No. Birds Enter code from list 
Reasons for sourcing poultry outside of 
Bali/Lombok 
1 Chickens (not DOC)   
2 Ducks   
3 Fighting cockerels   
1 = Yes 
 2 = Sometimes 
 3 = No  
 
 
E.! Transportation!of!Birds 
 
Objective of this section: to provide information on the transport of birds to and from markets 
 
E.1 Did you transport these birds to the market yourself?     ____ 
(Enter code number from list below) 
 
1"="YesS"from"where"(including"village"location)?""
____________________________________"
Did"you"stop"along"the"way"to"pick"up"more"birds?"(Please"circle)"YES" NO""
If"yes,"how"many"times?"________________"
2"="No"–"Do"you"know"where"these"birds"came"from?" (Please"circle)" YES" NO"
"" If"yes,"please"specify"___________________________" "
 
 
E.2 What type of vehicle was used to transport these birds to the market?  
(Please tick appropriate boxes) 
 
 
No. Type of vehicle Tick box Reasons for using the method of transport 
1 Bicycle   
2 Motorbike   
3 Truck   
4 Other ______________________________   
5 Do not know   
 
 
E.3 What type of cage was used to transport these birds to the market?    
(Please tick appropriate boxes) 
 
No. Type of cage Tick box Reasons for using type of cage 
1 None   
2 Wicker   
3 Wooden   
4 Plastic   
5 Metal   
6 Other ______________________________   
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E.4 Do you clean vehicles or cages prior to transporting birds? (Please tick appropriate  
boxes) 
  
No. Transport Tick box Method and with what? Reasons for using this method 
1 Vehicle    
2 Cage    
3 Other- specify _________________________    
4 Nothing - why ?  
 
 
E.5 Do you pass through any government inspections on the way to the market?  ____ 
 
(Enter code number from list below) 
"
1"="YesS"how"often?""___________________________________________"
2"="No"
3"="Sometimes"
   
 
F.! General!Management!&!!Husbandry 
 
Objective of this section: to provide information on the general activities and practices used at 
the markets 
 
F.1 How many bird cages/pens do you have in your stall per day?  ________ 
 
 
F.2 How often and with what do you clean the cages/pens?    ____ 
 
 (Enter code number from list below) 
 
No. Frequency of cleaning What method of cleaning (including chemicals) do you use? Why do you use this method? 
1 Daily 
 
 
 
 
2 Every 2-3 days 
 
 
 
 
3 Once a week 
 
 
 
 
4 Once a month 
 
 
 
 
5 Never    
6 Other  _____________________ 
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F.3 What do you do with sick and dead birds?  (Please tick appropriate box)  
 
No. Actions Sick birds 
Dead 
birds Why 
1 Separate them from the healthy birds    
2 Sell     
3 Slaughter     
4 Burn    
5 Bury    
6 Discard into river/waterways    
7 Consume    
8 Nothing    
9 Other  _____________________________ 
   
 
 
F.4 Have you had birds die at the market or in transit in the last 12 months?  ____ 
 
(Enter code number from list below) 
"
1"="Yes"S"how"many"and"why?""______________________________________"
2"="No""
 
 
F.5 What do you do to protect your birds you sell from disease?    ____ 
  
(Please tick appropriate boxes) 
 
No. Actions Tick box 
1 Clean pen/cage everyday  
2 Disinfect pen/cage on regular basis  
3 Vaccinate birds  
4 Separate birds  
5 Purchase healthy birds  
6 Other – specify _____________________  
7 Nothing – why?  ______________________________________________  
!
 
F.6 What do you do with the manure and litter?  (Enter code number from list below) ____ 
"
1"="Discard"S"If"so"where"______________________________________""
2"="Bury"or"compost"
3"="Burn"
4"="Spread"onto"fields"
5"="Leave"it"where"it"is"
6"="Sell"it"
7"="Other"–"specify"___________________"
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G.! Marketing 
 
Objective of this section: to provide information on all aspects of the marketing of birds 
 
G.1 During normal season, how often do you trade at this market?  
 
Times per week 
 
 
G.2   During normal season, what types of birds do you sell at the market?  
(Please tick appropriate boxes) 
     
No. Types of birds Tick box Average no. birds sold/ week 
Average no. birds sold/ 
month 
1 Chickens- kampung    
2 Chickens- broiler     
3 Chickens- layer    
4 Ducks    
5 Muscovies    
6 Geese    
7 Quail    
8 Songbirds    
9 Fighting cockerels    
10 DOC’s    
11 Other ___________________    
12 Unknown    
 
 
G.3 During peak season, how often do you trade at this market?  
 
Times per week 
 
 
G.4   During peak season, what types of birds do you sell at the market?  
(Please tick appropriate boxes) 
     
No. Types of birds Tick box Average no. birds sold/ week 
Average no. birds sold/ 
month 
1 Chickens- kampung    
2 Chickens- broiler     
3 Chickens- layer    
4 Ducks    
5 Muscovies    
6 Geese    
7 Quail    
8 Songbirds    
9 Fighting cockerels    
10 DOC’s    
11 Other ___________________    
12 Unknown    
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G.5 On average, how many unsold birds do you have at the end of the day:  
(if not applicable do to next question) 
!
No. Types of birds No. unsold birds  What did you do with these birds? 
(Enter code from list) 
1 Chickens    
2 Ducks    
3 Fighting Cockerels    
"
1"="Leave"at"market"
2"="Take"home"to"village"
3"="Take"to"another"market"
4"="Other"–"specify" _____________________"
"
 
G.6 How many birds do you sell during festivals or special events?    
 
Festival name No. 
kampung 
No.  
broiler 
No.  
layer 
No.  
duck 
No. 
Muscovy 
duck 
No. 
fighting 
cockerels 
Galungan       
Kuningan       
Nyepi       
Bulan puasa       
Idul fitri       
       
       
       
       
       
 
 
G.7 Do you sell other poultry products? (Please tick appropriate boxes) 
  
         Yes No
 Sometimes 
"
1"="Eggs" " " " " " " ____" ____" ____"
2"="Feathers" " " " " " " ____" ____" ____"
3"="Manure" " " " " " " ____" ____" ____ 
4"="Carcass" " " " " " " ____" ____" ____"
5"="Other"–"specify"_____________________"" " " ____" ____" ____"
 
 
G.8 Why do you sell birds?  (Enter code number from list below)   ____ 
"
1"="Primary"income"
2"="Secondary"income"
3"="Hobby"
4"="Help"out"family"or"friends"
5"="Other"–"specify" _____________________"
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G.9 What other markets do you sell birds at and how often?  
 
Name of Market Village How often 
   
   
   
   
   
   
   
 
G.10 What other animals do you sell?   (Please tick appropriate boxes)  
    
No. Type of animal Tick box 
1 Cattle   
2 Pigs   
3 Rabbits   
4 Fish   
5 Dogs   
6 Other- specify ____________________  
7 None  
 
G.11 On average, how many vendors are there at this market?    ____ 
 
G.12 On average, how many collectors (explain definition) come through this market? ____ 
 
G.13 On average, how many customers come through this market?   ____ 
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H.! Slaughter 
 
Objective of this section: to provide information on the location and biosecurity/biosafety 
practices used during slaughter 
 
H.1 Do you slaughter birds? (Enter code number from list below)   ____ 
 
 1"="Yes"
2"="No"
3"="Sometimes"
 
H.2 Where are the birds normally slaughtered?!(Please tick appropriate boxes)!  
! !
! 1"="Close"to"bird"selling"area"of"market" " " " " " ____ 
" 2"="Different"area"of"market" " " " " " " ____"
" 3"="Slaughter"house"–"location:"_______________________________" " ____"
" 4"="Home" " " " " " " " " ____"
" 5"="Other"–"specify"___________________________________________"" ____"
"
(If the answer to question H.1 was no then proceed to Section I) 
 
H.3 Prior to slaughter, do you clean equipment used?      ____ 
 
(Enter code number from list below) 
"
1"="Yes,"all"equipment"–"with"what?"____________________________________"
2"="NoS"why?"______________________________________________________"
3"="Some"equipment,"specify"what"equipment"and"with"what?" """"""
" _______________________________________"
"
H.4 During slaughter, do you wear any of the following personal protective equipment?   
  
(Please tick appropriate boxes)     Yes No
 Sometimes 
 
1"="Mask"–"if"no,"why?"_______________________________" ____" ____" ____"
2"="Hat"–"if"no,"why?"_______________________________" ____" ____" ____"
3"="Gloves"–"if"no,"why?"_______________________________" ____" ____" ____"
4"="Safety"glasses"–"if"no,"why?"________________________" ____" ____" ____"
5"="Boots"–"if"no,"why?"_______________________________" ____" ____" ____"
6"="Overalls"–"if"no,"why?"______________________________" ____" ____" ____"
7"="Other"–"specify"_________________________________" ____" ____" ____"
"
 
H.5 What do you generally do with the slaughter waste?     ____ 
 
(Enter code number from list below) 
"
1"="Discard"into"drainage"
2"="Discard"into"bin"
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3"="Discard"onto"floor/bench"in"work"area"
4"="Discard"into"river/waterways"
5"="Bury"
6"="Burn"
7"="Other"–"specify" _____________________"
 
 
H.6 Do you clean the slaughter area?        ____ 
 
(Enter code number from list below) 
"
1"="No"–"why?"_________________________________________________________"
(Go"to"Question"H.10)"
2"="Prior"to"slaughter"only"
3"="After"each"batch"of"slaughtered"birds"
4"="At"the"end"of"the"day"
5"="Other"–"specify" _____________________"
 
 
H.7 What method of cleaning do you use for slaughter area?     ____ 
 
(Enter code number from list below) 
"
1"="Rinsing"with"water"only"
2"="Rinsing"with"water"and"scrubbing"with"broom"
3"="High"pressure"water"hose"only"
4"="High"pressure"water"hose"and"scrubbing"with"broom"
5"="Other"–"specify" _________________________________________"
 
 
H.8 Do you use any chemicals when cleaning work area?    ____ 
 
(Enter code number from list below) 
"
1"="Yes""S"Please"specify"type" _____________________"
2"="No"
3"="Sometimes"–"why"and"specify"type"_____________________"
 
 
H.9 Post-slaughter, do you clean equipment used?      ____ 
 
(Enter code number from list below) 
"
1"="All"equipmentS"with"what?"__________________________________________"
2"="Some"equipmentS"specify"and"with"what?"
___________________________________________________________________"
3"="NoS"why?"________________________________________________________""
"
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H.10 Do you wash your hands?  (Enter code number from list below)  ____ 
"
1"="Prior"to"slaughter"
2"="After"each"slaughter"batch"
3"="At"end"of"slaughtering"
4"="Both"before"and"after"slaughter"
5"="Not"at"all"–"why?"___________________________________________________"
"
"
 
I.! Knowledge!&!Perception 
 
Objective of this section: to provide information on the respondents level of knowledge and 
perceptions held toward avian influenza 
 
I.1 Where did you learn about AI?  
"
(Do"not"read"out"options)"
 
No. Media Tick 
1 Television  
2 Radio  
3 Newspaper/books/magazines  
4 Pamphlets/brochure  
5 Posters  
6 Other people  
7 Other – specify __________________________  
 
I.2 To your knowledge, how is AI introduced into the live bird market? 
"
(Do"not"read"out"options)"
"
No. Methods of AI introduction Tick 
1 Infected poultry  
2 Infected wild brids  
3 Contaminated vehicles  
4 Contaminated cages  
5 Contaminated clothing/footwear  
6 Other – specify __________________________  
!
 
I.3 What do you see as necessary to prevent or control AI in poultry at the market? 
  
(Do"not"read"out"options)"
 
 No. Methods of prevention/control Tick 
1 Vaccinate birds  
2 Clean cages  
3 Clean stall area  
4 Clean vehicles  
5 Separate different bird species  
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6 Separate birds from different sources  
7 Disposal of sick or dead birds  
8 Other – specify __________________________  
 
 
I.4 Would you report suspicious or sudden deaths in birds?    ____ 
 
(Enter code number from list below) 
"
1"="Yes"S"who"would"you"report"to?!___________________________""
2"="Possibly"S"please"explain!_________________________________"
3"="No"–"why?"____________________________________________"
 
 
I.5 If you have fighting cocks, do your fighting cocks participate in competitions? ____ 
 
(Enter code number from list below) 
 
1"="Yes","how"often?"____________times"per"[week]"[month]"[year],""
Where?"__________________________________________" "
" 2"="No"
 
I.6 How important do you think market biosecurity (*explain what is meant by the term 
biosecurity) is on a scale of 1 to 5? 
 
 1 (not important) 2 3 4 5 (very important) 
 
 
 
I.7 Would you be willing to implement strategies to improve market biosecurity? ____
  
"
(Enter code number from list below) 
"
1"="Yes""
2"="Possibly"S"please"explain!_________________________________"
3"="No"–"why?"____________________________________________  
 
Would you be willing to participate in an in-depth interview either here or at your home? Yes / 
No 
 
 (If yes, please ensure address and contact details are provided in Section A) 
 
 
Thank!you!very!much!for!your!information!and!cooperation!!
Success!to!your!business! 
 
 
 ‘Biosecurity’ means protection from the risks posed by organisms to the economy, 
environment and people’s health, through exclusion, eradication and control. 
 
Examples include the use of personal protective equipment, cleaning of cages and 
vehicles etc 
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Consent Form (Customer) 
 
 
Livestock Movement and Managing disease in Eastern Indonesia and 
Eastern Australia 
 
7.! I agree voluntarily to take part in this study. 
 
8.! I have been given a full explanation of the purpose of this study, of the 
procedures involved and of what is expected of me. The researcher has answered 
all my questions and has explained the possible problems that may arise as a 
result of my participation in this study. 
 
9.! I understand I am free to withdraw from the study at any time without needing to 
give any reason. 
 
10.!I understand I will not be identified in any publication arising out of this study.  
 
11.!I understand that my name and identity will be stored separately from the data, 
and these are accessible only to the investigators. All data provided by me will 
be analysed anonymously using code numbers. 
 
12.!I understand that all information provided by me is treated as confidential and 
will not be released by the researcher to a third party unless required to do so by 
law. 
 
 
 
Signature of Participant:  ________________________ Date: 
…..../..…../……. 
(Name) 
  
Signature of Investigator:  ________________________ Date: 
..…../…..../……. 
(Name)  
 
Supervisor’s Signature:  _________________________ Date: 
….../…..../….... 
(Name) 
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Livestock Movement and Managing Disease in Eastern Indonesia and 
Eastern Australia 
Live Bird Market Questionnaire- Customer 
 
Form identification code: _____ / _____ 
 
Objective:  
This questionnaire is being used to gain information on the movement, marketing and 
motivators of live bird trade. The information gathered will only be used for risk assessment of 
avian influenza transmission. Details provided will not be used for any other purpose and will 
not be released to people outside the project. 
 
Instructions for enumerators 
 
6.! At the start of each interview, please read out the preceding ‘objective’ statement. 
7.! Please read out carefully all the options for each question.  Before asking the respondent to 
indicate a preference, it will be useful to repeat all the choices once again.   Remember:  To 
some respondents the choices may not all be clear the first time you read them out; and 
others may have trouble remembering each of the options. 
8.! If the respondent does not know the answer to any question, then please enter code number 
0 as the correct response.  If the interviewee does not wish to answer any particular 
question, then please enter code number 10 
9.! There are no correct or incorrect responses.  The response each person gives is correct for 
him or her.  Please do not guide respondents into giving the answers you prefer.  This will 
diminish the quality of your work.   
10.!There are a total of 7 pages in this questionnaire.  Please ensure at the start that all pages are 
included in this copy. 
 
 
 
 
 
Enumerator 
name: 
 Market:  
Date of 
interview  
_ _/ _ _/ _ _ _ _    dd/mm/yyyy) Island 
 (please circle) 
(1) Lombok (2) Bali 
Time 
interview 
started: 
am / pm Market District: 
 
 
Time 
interview 
completed: 
am / pm Market  
Sub-district: 
 
Respondent 
name: 
 Market Village  
Respondent 
phone/email/ 
address: 
 
Data errors 
noted during 
entry: 
 
 
  
A.! General!Information!
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B.! Personal!Background 
 
 
B.1 In what year were you born?  __________ 
 
 
B.2 Gender: (Enter code number from list below)   
 ____   
  
1"="Male 
" 2"="Female 
 
 
B.3 What is the highest education level you completed?   
 ____ 
  
(Enter code number from list below)        
   
"
1"="No"formal"schooling"
" 2"="Primary"school"
" 3"="Junior"high"school"
" 4"="Senior"high"school"
" 5"="College/SO"
" 6"="University"degree"
,"  
 
B.4 What is your religion? (Enter code number from list below)  
 ____   
"
1"="Islam"
2"="Hindu"
3"="Christian"
" 4"="Other"–"please"specify"
______________________________________________________"
 
 
B.5 What is your primary occupation? 
________________________________________________"
"
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C.1 How often you purchase birds from this market?     ____  
  
1"="Daily"
" 2"="Every"2S3"days""
" 3"="Once"a"week"
" 4"="Once"a"fortnight"
" 5"="Once"a"month"
" 6"="Other"–"specify""
___________________________________________________________"
 
 
C. 2 What types of birds do you purchase from this market? 
 
 (Please tick appropriate boxes)  
  
No. Types of birds Tick box 
No. birds 
purchased 
today 
Purpose of birds purchased today 
 
1 
 
Live chickens- kampung    
2 
 
Live chickens- broiler 
 
   
3 
 
Live chickens- layer 
 
   
 
4 
 
Slaughtered chickens    
 
5 
 
Ducks    
6 
 
Muscovites (entok) 
 
   
 
7 
 
Geese    
 
8 
 
Quail    
 
9 
 
Songbirds    
 
10 
 
Fighting cockerels    
 
11 
 
Other 
___________________    
 
C.! Bird!Purchase!&!Purpose!
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C.3 What other markets do you purchase birds from? 
 
No. Market Types of birds 
Average No. of 
birds 
purchased/month 
1  
Chicken 
Duck 
Geese 
Others - specify 
…………. 
…………. 
…………. 
…………. 
2  
Chicken 
Duck 
Geese 
Others - specify 
…………. 
…………. 
…………. 
…………. 
3     
4     
 
!
C.4 Do you obtain live birds (excluding DOC’s) from sources outside of Bali?   ____ 
(Enter code from list below) 
 
1"="Yes,"regularlyS"why?""
____________________________________________________________"
"2"="Yes,"irregularlyS"why?"
___________________________________________________________"
"3"="No""
 
 
C.5 Do you: (Please tick appropriate boxes) 
  
 1."Breed"poultry"yourself"at"your"household"or"farm" " " " ____"
2.""Purchase"poultry"from"another"household"in"your"village" " " ____"
3."Purchase"poultry"from"a"collector" " " " " " ____"
4."Purchase"poultry"from"a"producer/poultry"farm! ! ! ! ____"
Where"–"specify"""" _____________________! !
5.""Other"S"specify"""" _____________________                          ____"
 
 
C.6 Do you do anything to ensure that poultry you purchase are free from disease?  ____ 
(Enter code number from list below)"
1"=Yes"S"what"and"how?!
_______________________________________________________!
2"="No"S"why?!
_______________________________________________________________!
"3"="Sometimes"–"why?"
________________________________________________________"
!
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C.7 Do you purchase more of certain bird species during religious festivals?  
 
(Please tick appropriate boxes)   
 
No. Festival name Yes No Sometimes 
1     
2     
3     
4     
5     
6     
7     
8     
9     
10 Other- specify 
 _____________________________________ 
   
 
 
C.8 For the birds you purchase, do you slaughter them yourself?   ____"
 
(Enter code number from list below)"
"
1"=Yes"!
2"="No"–"who"slaughters"them"for"you?!
___________________________________________!
"3"="Sometimes"–"why?"
________________________________________________________"
"  
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D.! General!Management!&!!Husbandry 
 
Objective of this section: to provide information on the general activities and practices used at 
the markets 
 
D.1 How many birds do you have at home? (Please go to question D.7) 
  
No. Types of birds No. birds at home 
1 Live chickens- kampung  
2 Live chickens- broiler  
3 Live chickens- layer  
4 Slaughtered chickens  
5 Ducks  
6 Muscovites (entok)  
7 Geese  
8 Quail  
9 Songbirds  
10 Fighting cockerels  
11 
 
Other 
___________________  
 
D.2 Do you keep poultry in pens or cages      ____ 
 
(Enter code number from list below) 
"
1"="Yes""
2"="No"(Go"to"question"D.4")"
 
D.3 How often and with what do you clean the cages/pens?    ____ 
 
 (Enter code number from list below) 
 
No. Frequency of cleaning What method of cleaning (including chemicals) do you use? Why do you use this method? 
1 Daily 
 
 
 
 
2 Every 2-3 days 
 
 
 
 
3 Once a week 
 
 
 
 
4 Once a month 
 
 
 
 
5 Never    
6 Other  _____________________ 
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D.4 What do you do with sick and dead birds?  (Please tick appropriate box)  
 
No. Actions Sick birds 
Dead 
birds Why 
1 Separate them from the healthy birds    
2 Sell     
3 Slaughter     
4 Burn    
5 Bury    
6 Discard into river/waterways    
7 Consume    
8 Nothing    
9 Other  _____________________________ 
   
 
D.5 Have you had birds die at your home in the last 12 months?   ____ 
 
(Enter code number from list below) 
"
1"="Yes"S"how"many"and"why?""______________________________________"
2"="No""
 
D.6 What do you do to protect your birds you keep at home from disease?   ____ 
  
(Please tick appropriate boxes) 
 
No. Actions Tick box 
1 Clean pen/cage everyday  
2 Disinfect pen/cage on regular basis  
3 Vaccinate birds  
4 Separate birds  
5 Purchase healthy birds  
6 Other – specify _____________________  
7 Nothing – why?  ______________________________________________  
!
 
D.7 What do you do with the manure and litter (from all birds purchased and kept at home)?  
(Enter code number from list below)      ____ 
"
1"="Discard"S"If"so"where"______________________________________""
2"="Bury"or"compost"
3"="Burn"
4"="Spread"onto"fields"
5"="Leave"it"where"it"is"
6"="Sell"it"
7"="Other"–"specify"___________________"
" "
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E.!!!!!Transportation!of!Birds!
 
E.1 How far do you transport the live poultry from this market to your premises?   
 _________ Km and where is the final destination? 
_____________________________________ 
 
 
E.2 What type of vehicle do you use to transport your poultry from this market to your final 
destination?   
 
(Please tick appropriate boxes) 
 
 
No. Type of vehicle Tick box Reasons for using the method of transport 
1 Bicycle   
2 Motorbike   
3 Truck   
4 None   
5 Other ______________________________   
"
 
E.3 What type of cage do you transport the poultry from the market? (Please tick appropriate 
boxes) 
 
No. Type of cage Tick box Reasons for using type of cage 
1 None   
2 Wicker   
3 Wooden   
4 Plastic   
5 Metal   
6 Other ______________________________   
"
"  
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F.! Knowledge!&!Perception 
 
 
F.1 Where did you learn about AI?  
"
(Do"not"read"out"options)"
 
No. Media Tick 
1 Television  
2 Radio  
3 Newspaper/books/magazines  
4 Pamphlets/brochure  
5 Posters  
6 Other people  
7 Other – specify __________________________  
 
 
F.2 To your knowledge, how is avian influenza introduced to poultry? 
"
(Do"not"read"out"options)"
"
No. Methods of AI introduction Tick 
1 Infected poultry  
2 Infected wild brids  
3 Contaminated vehicles  
4 Contaminated cages  
5 Contaminated clothing/footwear  
6 Contaminated food  
7 Contaminated water  
8 Other – specify __________________________  
 
 
F.3 What do you see as necessary to prevent or control avian influenza in poultry you purchase? 
  
(Do"not"read"out"options)"
 
  
No. Methods of prevention/control Tick 
1 Vaccinate birds  
2 Clean cages  
3 Clean stall area  
4 Clean vehicles  
5 Separate different bird species  
6 Separate birds from different sources  
7 Disposal of sick or dead birds  
8 Other – specify __________________________  
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F.4 Would you report suspicious or sudden deaths in birds?   ____ 
 
(Enter code number from list below) 
"
1"="Yes"S"who"would"you"report"to?!___________________________""
2"="Possibly"S"please"explain!_________________________________"
3"="No"–"why?"____________________________________________"
"
 
F.5 If you have fighting cocks, do your fighting cocks participate in competitions? ____ 
 
(Enter code number from list below) 
 
1"="Yes","how"often?"____________times"per"[week]"[month]"[year],""
Where?"__________________________________________" "
" 2"="No"
"
"
Would you be willing to participate in an in-depth interview either here or at your home on another 
occasion?           
Yes 
 No 
 
 
Thank!you!very!much!for!your!information!and!cooperation!!
 
 
*** 
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Appendix B.! Survey Variables 
Table 1. Variables from survey used to score preventative behaviour of poultry traders (n = 413) 
interviewed in Bali and Lombok. 
Variable Number (%) of respondents 
1. Avian species not raised at home 265 (64.2) 
2. Non-avian species not kept at home 309 (74.8) 
3. Birds obtained from a single type of sourcea 203 (49.2) 
4. Pre-purchase health checks conductedb 406 (98.3) 
5. No stops en route to LBM 377 (91.3) 
6. Public transport not used to transport birds 371 (89.8) 
7. Only plastic or metal cages usedc 34 (8.2) 
8. Cages cleaned dailyd 21 (5.1) 
9. Sick birds separated from healthy birds 224 (54.2) 
10. Sick birds slaughtered 25 (6.1) 
11. Slaughtered sick birds disposed of appropriatelye 3 (0.7) 
12. Dead birds separated from healthy birds 83 (20.1) 
13. Dead birds disposed of appropriatelye 179 (43.3) 
14. Solid bird waste disposed of appropriatelye 137 (33.2) 
15. Single avian species sold 297 (71.9) 
16. Non-avian species & poultry products not sold 371 (89.8) 
17. Do not slaughter birdsf 361 (87.4) 
18. Vehicles cleaned prior to transportg 117 (28.3) 
19. Transport cages cleaned prior to transportg 138 (33.4) 
aSource refers to the type of location (e.g. commercial farm, local village, trader, live bird market etc.). 
bRespondents reported examining birds for signs of ill health (e.g. reduced appetite, lethargy, swollen 
cloaca etc.). Also includes respondents who purchased vaccinated birds or birds that came with health 
certification.  
cRespondents who used other cage types or no cages were scored zero.  
dUsing water and detergent (or detergent and disinfection). 
eBuried, burned or discarded in waste bin. 
fRespondent does not slaughter birds at market or at home. 
gCleaned using detergent (with or without disinfectant) 
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Appendix C.! Respondent Numbers 
 
Table C.1. Numbers of respondents interviewed in Bali during each of the three rounds of data collection.  
Market Selection 
criteriaa 
Number of respondents 
Round 1 Round 2 Round 3 
Vendor Collector Customer Vendor Collector Customer Vendor Collector Customer 
Amaplura 1.1, 2.1, 
3.1, 4.2, 
5.2, 6.1 
5 5 4 0 3 4 18 0 0 
Anyar 1.2, 2.1, 
3.1, 4.1, 
5.3, 6.2 
4 4 4 0 0 0 6 0 0 
Bale  
Agung 
1.2, 2.1, 
3.2, 4.2, 
5.2, 6.2 
4 4 4 0 0 4 8 0 0 
Beringkit 1.1, 2.1, 
3.1, 4.2, 
5.2, 6.1 
4 4 4 4 3 4 18 0 0 
Galiran 1.1, 2.1, 
3.1, 4.1, 
5.2, 6.1 
4 3 4 0 3 4 18 0 0 
Kediri 1.2, 2.1, 
3.2, 4.2, 
5.2, 6.2 
4 4 4 0 0 0 8 0 0 
Mengwi 1.2, 2.1, 
3.2, 4.2, 
5.2, 6.1 
4 7 4 1 0 0 9 0 0 
Seririt 1.1, 2.1, 
3.1, 4.1, 
5.2, 6.1 
4 4 4 0 0 0 21 0 0 
Umum 1.3, 2.1, 
3.3, 4.1, 
5.3, 6.2 
4 1 4 0 0 0 2 0 0 
Total  37 36 36 5 9 16 108 0 0 
aSelection criteria category definitions 
1.! Approximate volume of birds: >1000 (1.1), 200-1000 (1.2), <200 (1.3) 
2.! Traffic density: heavy (2.1), moderate (2.2), low (2.3) 
3.! Size of market: large (3.1), medium (3.2), small (3.3) 
4.! Trading frequency: daily (4.1), not daily (4.2) 
5.! Poultry farm density: high (5.1), moderate (5.2), low (5.3) 
6.! Poultry outbreaks of HPAI H5N1 reported: true (6.1), false (6.2) 
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Table C.2. Numbers of respondents interviewed in Lombok during each of the three rounds of data 
collection.  
Market Selection 
criteria 
Number of respondents 
Round 1 Round 2 Round 3 
Vendors Collectors Customers Vendors Collectors Customers Vendors Collectors Customers 
Bertais 1.1, 2.1, 
3.1, 4.1, 
5.1, 6.1 
4 4 4 0 0 3 1 2 0 
Gerung 1.1, 2.1, 
3.1, 4.1, 
5.1, 6.1 
6 4 6 4 2 4 14 0 6 
Kebon 
Roek 
1.2, 2.1, 
3.2, 4.1, 
5.2, 6.1 
6 2 4 3 0 4 2 0 1 
Masbagik 1.1, 2.1, 
3.1, 4.1, 
5.1, 6.1 
4 4 4 1 1 1 13 2 5 
Narmada 1.3, 2.1, 
3.2, 4.1, 
5.1, 6.1 
5 8 4 2 0 4 22 2 5 
Renteng
  
1.1, 2.1, 
3.1, 4.1, 
5.1, 6.1 
9 4 4 3 0 4 25 13 5 
Sindu 1.2, 2.1, 
3.2, 4.1, 
5.2, 6.1 
4 4 4 6 0 4 12 3 0 
Tanjung 1.3, 2.1, 
3.3, 4.1, 
5.3, 6.1 
4 4 4 3 2 2 4 0 0 
Total  42 34 34 22 5 26 93 22 22 
aSelection criteria category definitions 
1.! Approximate volume of birds: >1000 (1.1), 200-1000 (1.2), <200 (1.3) 
2.! Traffic density: heavy (2.1), moderate (2.2), low (2.3) 
3.! Size of market: large (3.1), medium (3.2), small (3.3) 
4.! Trading frequency: daily (4.1), not daily (4.2) 
5.! Poultry farm density: high (5.1), moderate (5.2), low (5.3) 
6.! Poultry outbreaks of HPAI H5N1 reported: true (6.1), false (6.2) 
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Appendix D.!   
 
Table D.1 Numbers of vendors, collectors and customers interviewed in Bali as a percentage of estimated 
number of each respondent category. 
Market Number of vendors % 
(surveyed/ 
estimated) 
Number of collectors % 
(surveyed/ 
estimated) 
Number of customers % 
(surveyed/ 
estimated) 
 Estimated 
(SD)a 
Surveyed Estimated 
(SD)b 
Surveyed Estimated 
(SD)c 
Surveyed 
Amaplura 29 23 79.3 10 8 80.0 40 8 20.0 
Anyar 16 10 62.5 10 4 40.0 52 4 7.7 
Bale 
Agung 
26 12 46.2 9 4 44.4 47 8 17.0 
Beringkit 40 26 65.0 16 7 43.8 76 8 10.5 
Galiran 40 22 55.0 14 6 42.9 99 8 8.1 
Kediri 25 12 48.0 8 4 50.0 78 4 5.1 
Mengwi 24 14 58.3 9 7 78.0 45 4 8.9 
Seririt 24 25 100 15 4 26.7 109 4 3.7 
Umum 8 6 75.0 - 1 - - 4 - 
Figures rounded to whole numbers 
aCalculated by averaging responses (n = 95) provided by vendors (n = 95) interviewed during the final 
round of data collection.  
bCalculated by averaging responses (n = 69) provided by vendors (n = 95) interviewed during the final 
round of data collection.  
cCalculated by averaging responses (n = 61) provided by vendors (n = 95) interviewed during the final 
round of data collection.  
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Table D.2 Numbers of vendors, collectors and customers interviewed in Lombok as a percentage of 
estimated number of each respondent category. 
Market Number of vendors % 
(surveyed/ 
estimated) 
Number of collectors % 
(surveyed/ 
estimated) 
Number of customers % 
(surveyed/ 
estimated) 
 Estimated 
(SD)a 
Surveyed Estimated 
(SD)a 
Surveyed Estimated 
(SD)a 
Surveyed 
Bertais 25 5 20.0 6 6 100 50 7 14.0 
Gerung 27 24 88.9 5 6 100 30 16 53.3 
Kebon 
Roek 
15 11 73.3 2 2 100 32 9 28.1 
Masbagik 17 18 100 5 7 100 33 10 30.3 
Narmada 42 29 69.0 10 10 100 72 13 18.1 
Renteng  47 37 78.7 17 17 100 58 13 22.4 
Sindu 31 22 71.0 6 7 100 34 8 23.5 
Tanjung 10 11 100 2 6 100 20 6 30.0 
Figures rounded to whole numbers 
aCalculated by averaging responses (n = 90) provided by vendors (n = 90) interviewed during the final 
round of data collection.  
bCalculated by averaging responses (n = 89) provided by vendors (n = 90) interviewed during the final 
round of data collection.  
cCalculated by averaging responses (n = 76) provided by vendors (n = 90) interviewed during the final 
round of data collection.  
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Abstract  
Highly Pathogenic Avian Influenza (HPAI) has been prevalent in Indonesia since 2003 causing 
major losses to poultry production and human deaths. Live bird markets are considered high risk 
areas due to the density of large numbers of mixed poultry species of unknown disease status. 
Understanding trader knowledge and perceptions of HPAI and biosecurity is critical to reducing 
transmission risk and controlling the disease. An interview-administered survey was conducted at 
17 live bird markets on the islands of Bali and Lombok in 2008 and 2009. A total of 413 live 
poultry traders were interviewed. Respondents were mostly male (89%) with a mean age of 45 
years (range: 19-81). The main source of AI information was TV (78%), although personal 
communication was also identified to be an important source, particularly among female traders 
(60%) and respondents from Bali (43%). More than half (58%) of live poultry traders interviewed 
knew that infected birds can transmit HPAI viruses but were generally unaware that viruses can 
be introduced to markets by fomites. Cleaning cages and disposing of sick and dead birds were 
recognized as the most important steps to prevent the spread of disease by respondents. Two 
thirds (n = 277) of respondents were unwilling to report sudden or suspicious bird deaths to 
authorities. Bali vendors perceive biosecurity to be of higher importance than Lombok vendors 
and are more willing to improve biosecurity within markets than traders in Lombok. Collectors 
and traders selling large numbers (>214) of poultry, or selling both chickens and ducks, have 
better knowledge of HPAI transmission and prevention than vendors or traders selling smaller 
quantities or only one species of poultry. Education was strongly associated with better 
knowledge but did not influence positive reporting behavior. 
Our study reveals that most live poultry traders have limited knowledge of HPAI transmission 
and prevention and are generally reluctant to report bird deaths. Greater efforts are needed to 
engage local government, market managers and traders in education and awareness programs, 
regulatory measures and incentive mechanisms. Understanding and evaluating the social 
responses to such an integrated approach could lead to more effective HPAI prevention and 
control.  
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Introduction  
Since the first outbreaks in 2003, highly pathogenic avian influenza (HPAI) H5N1 has spread 
rapidly and is now endemic in poultry in most provinces in Indonesia [1], causing significant 
social and economic impacts on poultry producers and the industry [2-5]. The human mortality 
rate from HPAI H5N1 in Indonesia is the highest in the world. Between 2003 and May 2015, 199 
laboratory confirmed cases of infection in humans have occurred of which 165 have been fatal, 
mostly on Java but also on the islands of Sumatra, Sulawesi, Bali and Lombok [6]. The spread of 
HPAI in Indonesia continues, most likely via movement of infected poultry, despite control 
programs focused on movement controls, culling and to a lesser degree vaccination [7-9].  
Morris and Jackson [10] identified several factors facilitating the spread of HPAI virus in Asia, 
either directly or indirectly. Firstly, high-risk farming and handling practices such as raising 
poultry of mixed species or in a free-range type setting in rural or urban areas. Secondly, unsafe 
transport of live birds via infected vehicles and bird cages and thirdly, a lack of biosecurity 
measures at live bird markets (LBMs). Live bird markets receive and distribute large numbers of 
mainly uninspected birds of unknown infectious status [11-13]. Poultry species tend to be mixed 
in the same cages, which may lead to cross infection [8, 14]. Studies have also shown that 
biosecurity measures, such as separating sick birds and disinfecting equipment and vending areas 
are often inadequate at live bird markets [8, 9, 15, 16].   
The role of poultry traders, including collectors and vendors, is crucial to increasing biosecurity 
standards at poultry markets and reducing the persistence and circulation of avian influenza 
viruses [17-19]. Traders are at risk of infection due to daily contact with birds, and they can 
unwittingly transmit the virus from market to market or to and from farms when transporting live 
birds [18, 20]. There has been limited research on the knowledge and practices of poultry traders 
compared to poultry farm workers.   
In 2009, a survey of 140 Nigerian male poultry traders and market workers was carried out at 
three traditional live bird markets. The study found that knowledge of certain key aspects of 
HPAI transmission (e.g. poultry and wild birds are vectors of the disease) was very high among 
respondents but awareness of other aspects (e.g. HPAI can be transmitted to people by handling 
uncooked poultry) was very limited [20]. Research conducted among 352 traditional poultry 
market workers and shoppers in the same year in Taiwan (where there had been several outbreaks 
of H5N2, but not H5N1) found that recommended AI preventative behavior (e.g. wearing a face 
mask and washing hands after any contact with poultry) was highly correlated with having school 
or university education and also correlated with correct knowledge of bird fatality rates, severe 
cases and local outbreaks [21]. The following year, Manabe et al. [22] reported the findings of a 
survey conducted in Vietnam of 543 respondents residing either in a community which had 
experienced H5N1 outbreaks (which was also in a more rural setting) or in one which had not (a 
more urban setting). They found that knowledge of H5N1 and preventative measures was 
influenced by education and awareness of local outbreaks, as well as occupation and economic 
conditions. !
HPAI knowledge of poultry farm workers in Italy, Nigeria and China were also found to be 
greater with higher levels of education and among those who believed they were at high risk of 
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contracting HPAI [23-25]. In addition, there appears to be higher awareness levels of HPAI 
amongst urban or peri-urban poultry workers and consumers than rural counterparts [24, 26]. 
These findings are not surprising given the low education levels of poultry workers and traders, 
lack of adequate facilities in some countries and the lack of involvement of poultry workers or 
traders in disease surveillance and control, which are normally carried out by government 
services [27-29].""
The influence of HPAI information sources and education programs (e.g. mass media, training 
and community surveillance programs) on poultry workers’ or villagers’ knowledge have been 
investigated in some countries [25, 26, 28, 30, 31]. Television was the main source of HPAI 
information in Nigeria, Laos and Vietnam [24, 26, 30], while radio was more important in Nepal 
[31]. Involvement of local healthcare workers and administrators in Vietnam in HPAI H5N1 
education and outreach was found to be highly influential in increasing HPAI awareness and 
building community trust in using health services [30].  
Sims [19] highlighted the enormous investment that has gone into “behavior change 
communication” in countries where HPAI infection is endemic. Whilst HPAI knowledge has 
increased, it has not led to universal changes in HPAI preventative behavior. Understanding and 
addressing the more subtle social and cultural drivers of behavioral change is necessary [8, 19]. 
The objectives of this study were to gain insight into poultry trader knowledge and perceptions 
towards HPAI, reporting and biosecurity in live bird markets (LBMs) in Bali and Lombok. 
Furthermore, we aimed to identify whether differences in knowledge and perceptions exist 
between different socio-demographic profiles or trader characteristics, and to determine whether 
the type or diversity of HPAI information sources to which respondents had been exposed 
influenced outcomes. This information is valuable for developing and improving current 
approaches to address behavior change among poultry traders and to minimize the risks 
associated with HPAI infections in both poultry and people.   
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Methods  
The study protocol was reviewed and approved by the Murdoch University Human Research 
Ethics Committee, Perth, Western Australia (Permit number 2008/162). Participants were 
verbally provided with information of the study objectives, purpose and format, and assured of 
their anonymity. Written consent was obtained by all participants prior to the commencement of 
the interview. 
Selection of markets and locations 
The study was carried out on the islands of Bali and Lombok in Indonesia (Fig. 1). These islands 
were selected based on their location, similar poultry industries and differing HPAI H5N1 
outbreak status at the time of the study. The poultry industry on both islands consists of Sector 3 
commercial farms (layers and broilers) and Sector 4 backyard farms (village chickens) [32], 
which are both at greater risk of HPAI infection than large-scale, industrialized poultry farms (i.e. 
Sector 1 or 2 farms) due to low levels of biosecurity [33]. Bali’s close proximity to Java, which is 
believed to be the epicenter of the HPAI H5N1 infection in Indonesia [10], places it in a 
particularly vulnerable position as poultry moves through illegal channels between these islands 
[16, 34]. At the commencement of this study Lombok had no laboratory confirmed human HPAI 
H5N1 fatalities and although sporadic poultry outbreaks had been reported and confirmed locally 
[32] it was not considered to be endemic on the island. In contrast human fatalities had occurred 
in Bali and the island province was considered to be HPAI H5N1 endemic [35]. Official reports 
of HPAI H5N1 poultry outbreaks in Lombok began to surface in late 2011 as FAO Participatory 
Disease Surveillance and Response (PDSR) data became available and the first human fatality 
was reported in March, 2012 [36]. 
Figure 1. Location of Bali and Lombok in Indonesia (Source: Charles Sturt University) 
At the commencement of the study it was estimated that the number of active live bird markets in 
Bali was 109 and 36 in Lombok (Disease Investigation Centre, Bali). Due to limited resources a 
total of nine markets in Bali (Fig. 2) and eight markets in Lombok (Fig. 3) were selected as the 
focus of this study. Markets were selected based on the following criteria: 1) size of the market 
(Large: >25 traders and sold multiple live poultry species and other livestock; Medium: 10 – 25 
traders and a mixture of commodities sold in addition to an assortment of live poultry but no 
other livestock and; Small: also a mixed commodities market but on a smaller scale with few live 
poultry species and less than 10 traders selling birds); 2) approximate volume of poultry (High: 
>2000; Moderate: 500 – 2000; Low: <500); 3) medium to high flow of road traffic (expected to 
have a larger customer base) surrounding market; 4) operating frequency (i.e. daily trading or 1-3 
times per week); 5) poultry farm density (High: >10 poultry farms within a 1km radius of market; 
Moderate: >10 poultry farms within a 1-5km radius and Low: >10 poultry farms more than 5km 
radius around market); and 6) whether there had been any locally confirmed reports (i.e. 
confirmed by the Regional Office of Livestock and Animal Health) of HPAI H5N1 outbreaks in 
poultry in the previous 12 months. Selection criteria categories for each of the surveyed markets 
are provided in S1 Table and S2 Table for Bali and Lombok, respectively. 
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Figure 2. Location of markets in Bali (Source: Charles Sturt University) 
Figure 3. Location of markets in Lombok (Source: Charles Sturt University) 
Respondents 
Study participants consisted of individuals who were selling live poultry (i.e. not slaughtered or 
dressed birds) at one of the 17 markets on the day interviews were being conducted, were 
available to be interviewed on the day of the visit and who agreed to be interviewed. Respondents 
were classified either as a vendor or a collector based on the individual’s role in the market. 
Vendors (i.e. retailers) are defined as traders who primarily sell live poultry directly to customers 
at the market from temporary or permanent stalls. Collectors (i.e. wholesalers) are responsible for 
the collection of chickens and ducks from all sectors of the poultry industry and for transporting 
them to markets. The collector will either pick up poultry from farms on the way to a live bird 
market or will house birds for a period of time at a central village collection area, or at their 
home, after they have been picked up or after they have been delivered to that point by a farmer.  
Data collection 
A semi-structured questionnaire was developed in English and translated into Bahasa Indonesia. 
Two local teams, from Udayana University (Bali) and Mataram University (Lombok), conducted 
the translation to ensure any differences in local dialects were accounted for. A committee 
meeting was held between team members to clarify the concepts, wording and administration of 
each question prior to translation. After translation, two questionnaires were piloted at a single 
market on both islands and modified accordingly. 
Questionnaires consisted of three open-ended and three fixed alternative questions (S3 Table) 
that aimed to identify: 1) common sources of AI information; 2) knowledge of how AI is 
introduced into markets; 3) knowledge of measures on how to prevent poultry from becoming 
infected at markets; 4) perceptions towards reporting of sudden or suspicious bird deaths; 5) 
perceptions of the importance of biosecurity in markets and; 6) willingness to implement 
strategies to improve biosecurity in markets. Questionnaires also elicited details of respondent’s 
socio-demographic background (e.g. age, gender, education, religion, occupation and trading 
experience at the surveyed market) and the type and volume of poultry sold the previous day. 
Questions 5 and 6 were only added to the questionnaire after the second round of data collection 
and therefore only presented to respondents in the final round of interviews.  
Questionnaires were administered at the markets using face-to-face interviews by two local teams 
of experienced enumerators from the Faculty of Agriculture, Udayana University, Bali and the 
Research Centre for Rural Development, University of Mataram, Lombok. These non-
government affiliated enumerators were selected to conduct interviews due to concerns that 
respondents might be intimidated by government personnel and thus less willing to provide 
truthful responses, such as answering questions pertaining to illegal activities. Interviewers were 
instructed to enter markets and approach traders as convenient  (i.e. respondents were not pre-
selected) and request traders to be interviewed. Interviewers read the questions to respondents 
and recorded responses on the questionnaire. Respondents were free to speak at length for open-
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ended questions. A total of three rounds of interviews were conducted between May 2008 and 
February 2009, with each interview lasting approximately 15 to 20 minutes. The target sample 
size was determined by estimating the total number of traders working at each market, resulting 
in an overall sample size of 470 respondents, averaging 25 to 30 respondents per market. 
However, differences in the numbers of traders working in each of the surveyed markets meant it 
was not possible to reach the target sample size for each market. Therefore additional interviews 
were conducted in markets with larger numbers of traders in an effort to reach the target sample 
size. Follow-up interviews were not conducted, however during the course of the interview 
process a number (n = 57) of respondents were unintentionally interviewed twice, in which case 
data from both interviews was combined (or averaged for numerical data) to create single entries 
for each question per respondent. The total number of interviews conducted during the three 
rounds of data collection at each of the 17 surveyed markets is provided in S1 Table and S2 Table 
for Bali and Lombok, respectively. 
During the course of the first two rounds of data collection, it became evident that the number of 
collectors and the time they spent in markets was minimal compared to vendors. Interviewers 
(particularly in Bali) also mentioned having difficulty in finding collectors that had not already 
been interviewed. Therefore, vendors became the main target respondents for the final round of 
interviews, especially in Bali.  
Two additional questions were added to the questionnaire for the final round of interviews to 
ascertain information on trader perceptions toward biosecurity and willingness to implement 
changes to improve biosecurity within the markets. As the final round of interviews largely 
targeted vendors, the two additional questions were only presented to vendors. For the purposes 
of this study, biosecurity was defined as “a set of preventative practices aimed at reducing the 
potential for transmission and spread of disease causing organisms (specifically, avian influenza) 
onto and between sites, animals and humans” [37]. To ensure a uniform understanding among 
respondents, the term “biosecurity” was defined at the onset of the interview and again 
immediately prior to each question using the term. Responses for the question on perceptions of 
the importance of biosecurity were based on a Likert-type scale, with importance rated on a scale 
of one to five (1 = not important or unnecessary, 2 = low importance, 3 = medium importance, 4 
= high importance and 5 = very important or crucial).  
Upon completion of interviews respondents were remunerated for their time, which consisted of a 
monetary gift of 50,000IDR (approximately AUD5) for respondents in Bali and a t-shirt with an 
avian influenza awareness message for respondents in Lombok. Respondents were not informed 
prior to the interview that compensation or a gift would be provided to limit the possibility of 
bias with regard to participation and responses. 
Data Analysis 
Data were translated to English and entered into a relational database (Microsoft Office Access 
2007). Prior to analysis, respondents were further categorized based on the type of poultry sold 
(i.e. chickens, ducks or both) and on the volume of poultry sold per day - hobby (≤ 34 birds), 
small (35 – 89), medium (90 – 214) or large (≥215). “Chicken” refers to all varieties of Gallus 
gallus domesticus birds and “duck” refers to birds belonging to the Anatidae family, excluding 
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geese and swans. Trader size categories were created using quartiles of the total volume of 
poultry sold the previous trading day as reported by each respondent.  
Due to the small number of respondents with post-secondary school (i.e. college or university) 
education (n = 9), all of whom were from Bali, college, university and senior high school 
educated respondents were grouped together for analytical purposes. Trader knowledge was 
assessed by comparing the mean number of valid responses between groups for each question. 
Valid responses were defined as sources of transmission (for question on “how markets can 
become infected”) or preventative measures which fit with WHO or FAO avian influenza 
epidemiology and guidelines [37, 38]. 
Statistical analyses were conducted in R version 2.13.0 (R Core team, 2014). Categorical data 
was analyzed using Pearson’s chi-squared (χ2) test. In cases where cell counts were very small 
Pearson’s χ2 test with simulated p-value (based on 2000 replicates) was used. Continuous data 
was analyzed using the Spearman’s Rho test. Comparisons of two-level categorical and interval 
continuous data were analyzed using the t-test and where categorical data consisted of more than 
two levels, ANOVA was used. Post-hoc analysis of ANOVA results were assessed using the 
Tukey HSD test. A confidence interval of 95% was used as the measure of statistical significance 
in all analyses.  
Multinomial logistic regression was used to analyze the influence of HPAI information sources 
on trader knowledge of HPAI transmission and prevention (response variables). Analysis of 
information sources (explanatory variables) used the count of responses provided by respondents 
or the type of source reported. However, for the latter, only television and personal 
communication were included in the models due to the low frequency at which other HPAI 
information sources were reported. Response variables consisted of the count data of responses 
for the questions pertaining to ‘how markets can become infected with HPAI’ or ‘measures to 
prevent HPAI in poultry at markets’. Logistic regression was performed using R version 2.13.0 
(R Core team, 2014). Odds ratios were calculated for the effects of HPAI information sources on 
trader knowledge of HPAI transmission and prevention. A confidence interval of 95% and p-
values were used as measures of statistical significance in all models.  
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Results  
Socio-demographic background of respondents in Bali and Lombok 
A total of 413 traders of similar proportions from Bali (47%, n = 195) and Lombok (53%, n = 
218) participated in this study (Table 1). Refusal rate was zero. Most (89%) respondents were 
male with a mean age of 45 years (range 19-81) and had not completed junior high school (71%, 
n = 294). Nearly a third (32%, n = 62) of Balinese respondents had completed senior high school 
or post-secondary studies compared to only 6% (n = 12, p<.001) of Lombok respondents. There 
were significantly more female respondents interviewed in Bali (23%, n = 45) than in Lombok 
(1%, n = 2, p<.001). 
Table 1. Socio-demographic background of poultry traders interviewed at live bird markets in Bali and 
Lombok during 2008-2009 stratified by location. 
Demographic data Location P-value 
Bali (n = 195) Lombok  (n = 218) 
Gender      
 Male  150 216 <0.001 
 Female  45 2  
Age (years)     
 Mean 45.0 46.6 0.143a 
 Range 19 - 81 23 - 70 n/a 
Education level achieved     
 No formal  14 99 <0.001 
 Primary school  92 89  
 Junior high school  27 18  
 Senior high school (or 
post-secondary education)  
62b 12  
Religion      
 Hindu  183 2 <0.001c 
 Islam  12 216  
Trading experience (years)     
 Mean 15.5 14.1 0.178d 
 Range <1 – 50 1 – 48 n/a 
aT-test (t = -1.47, df = 362, p-value: 0.143) 
bIncludes nine respondents with post-secondary school education 
cSimulated p-values based on 2000 replicates 
dT-test (t = 1.35, df = 347 p-value: 0.178) 
Background profiles of respondents stratified by trader type (i.e. vendor or collector) and volume 
of poultry sold revealed significant differences in both education and gender. The highest 
proportion of female respondents was seen among large traders (21%, n = 18) and vendors (13%, 
n = 41). Education levels were typically highest among collectors and large traders and lowest 
among hobby-sized traders. There were no significant differences in the socio-demographic 
profiles of respondents selling only one species of poultry or both chickens and ducks, except that 
traders selling only ducks had slightly more poultry trading experience. Differences in 
demographic profiles of traders based on the type of trader, poultry species and volume of poultry 
sold are outlined in Table 2. 
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Sources of information on HPAI 
Information on HPAI was derived from a variety of sources but the vast majority of traders (78%, 
n = 324) had learnt about the disease (and outbreaks occurring in Bali and Java) through 
television. Personal communication was also found to play an important role in information 
transfer, with approximately one third (n = 133) of all respondents obtaining information on 
HPAI from other people. Female traders (60%, n = 28) and participants in Bali (43%, n = 83) 
relied heavily on personal communication compared to male traders (29%, n = 105) and Lombok 
respondents (23%, n = 50) and these differences were highly significant (p<.001). Personal 
communication was also common among duck traders (43%, n = 25) although not significantly 
more than among chicken traders (29%, n = 81) or traders selling both species (38%, n = 27, p = 
0.078).  
In instances where traders relied on personal communication for HPAI information, it typically 
came from friends or local government officials, such as the village head and government 
livestock officers (especially for Bali markets). One vendor in Lombok mentioned learning about 
AI during a meeting on the disease.  
Nearly 10% (n = 38) of respondents had never been exposed to information on AI. Uneducated 
traders (18%, n= 20, psimulated <.001) and traders selling ducks (17%, n = 10, p = .035) were twice 
as likely to have had no exposure to HPAI information compared to most other traders. The 
maximum number of information sources reported by any single respondent was four but, the 
overall mean was relatively low at only 1.3. There was no significant difference between male 
and female respondents (p>0.05).  
Significant differences were identified in the mean number of information sources reported by 
respondents with different education status (p<.001). The highest educated respondents (i.e. 
senior school, tertiary or university) accessed information from the greatest number of sources 
(Mean = 1.7) and uneducated respondents from the least (Mean = 1.0). Junior educated 
respondents reported more information sources (Mean = 1.5) than uneducated and more than 
primary educated respondents (Mean = 1.2). Post-hoc analysis revealed that differences between 
senior and uneducated respondents and senior and primary educated respondents were highly 
significant (p<.001). Differences were also significant between uneducated and junior educated 
respondents but not between respondents of other education categories (p>0.05). Differences 
were also identified in mean number of sources between locations, trader types and trader sizes 
but not between traders categorized by poultry type (Table 3).   
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Knowledge of how HPAI is introduced to the poultry market 
The most common potential source of contamination reported by traders was “infected poultry”, 
which was reported by more than half (n = 238) of all respondents. Knowledge of other common 
pathways for HPAI introduction was limited in comparison (Table 4). Large traders were slightly 
more aware of the potential of fomites such as vehicles and cages as sources of contamination 
than other trader sizes (Table 4). Among poultry type traders, a higher proportion of respondents 
selling both chickens and ducks were aware that poultry infected with HPAI can potentially 
contaminate markets compared to traders selling only one of these species (72% vs. 56% of 
chicken traders and 45% of duck traders, p = 0.006). Similarly, collectors also demonstrated a 
greater awareness compared to vendors based on the number of potential pathways for HPAI 
introduction they were able to correctly identify (Mean = 1.1 vs. 0.6, p<.001) and the low 
proportion of respondents that had no knowledge (24% vs. 47%, p<.001).  
Most traders were unable to identify more than one possible source of contamination  (Mean = 
0.76) and only eight traders provided three or more sources (maximum of five) and 41% (n = 
168) had no knowledge of how HPAI is transmitted.  This was particularly evident among duck 
traders who had the highest proportions of respondents that were unable to identify a source of 
contamination (55%, n = 32). Education was strongly associated with trader ability to identify 
potential HPAI introduction pathways (F3,409 = 4.57, p = 0.004). Post-hoc analysis revealed that 
respondents with senior education or higher were able to provide 30% more responses than 
primary educated (Estimate = 0.31, p = 0.017), and 40% more than uneducated respondents 
(Estimate = 0. 36, p = 0.008). There was no significant difference in mean number of responses 
(i.e. potential HPAI introduction pathways) between male and female traders (Mean = 0.7 vs. 0.9, 
p>0.05).  
Sixteen (7%) respondents from Lombok seemed to have doubts about the presence of HPAI on 
their island (2%, n = 5), in the bird species they were selling (3%, n = 7), or whether HPAI exists 
at all (2%, n = 4). Respondents interviewed in Bali made no such comments. 
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Knowledge of how to prevent HPAI transmission 
Cleaning and disinfecting cages was recognized as the most important step in preventing HPAI in 
poultry at markets yet it was only reported by half of all respondents (n = 232) and 40% (n = 166) 
were aware that disposing of sick and dead birds minimizes the risk of virus transmission. 
Vaccination was not rated highly (17%, n = 71) as a method for preventing HPAI except among 
traders selling both chickens and ducks (28%, n = 20).  
Traders interviewed in Bali appeared to have a better knowledge of good biosecurity practices 
than Lombok traders, with more than 80% (n = 157) able to list at least one preventative measure 
compared to only 57% (n = 123) of Lombok traders. Although the maximum number of 
preventative measures reported by respondents in both locations was very similar (6 vs. 5 for Bali 
and Lombok, respectively), Bali traders reported a greater variety of preventative measures on 
average than Lombok respondents (Mean = 2.3 vs 1.2, p<.001). 
Of the two trader types, collectors were more knowledgeable of good biosecurity practices than 
vendors, particularly in their awareness of the importance of cleaning cages and vehicles, and 
separating different bird species (Table 5). More than 85% (n = 91) provided at least one 
preventative measure compared to 62% (n = 191) of vendors and the average number of 
preventative measures was also significantly greater (Mean = 2.1 vs. 1.6, p = 0.002). There was 
little difference in awareness of preventative measures among traders based on species or volume 
of birds sold, however traders selling both chickens and ducks, and large traders, did provide a 
greater average number of preventative measures compared to their peers. 
Mean number of preventative measures identified by female traders was more than 1.5 times 
greater than male traders (Mean = 2.7 vs. 1.6, respectively, p<.001). However, to determine 
whether these differences were merely a reflection of the differences observed between locations 
(as mentioned above), the mean number of preventative measures reported by female and male 
traders in Bali (where the majority of female traders were interviewed) were compared. The 
findings indicate that despite a smaller difference in mean values, female traders had significantly 
better knowledge of preventative measure than male traders (Mean = 2.8 vs. 2.2, t = 2.31, df = 
80.46, p = 0.02). Education was also associated with knowledge of preventative measures (F3,409 
= 16.77, p<.001). Post-hoc analysis revealed that primary and junior educated respondents were 
able to provide 60% more responses (Estimate = 0.58, p = 0.005) and 100% (Estimate = 0.98, 
p<0.001) respectively, than uneducated respondents. Senior educated respondents were able to 
provide 150% (Estimate = 1.52, p<.001) more than uneducated respondents and 90% (Estimate = 
0.93, p<.001) more than primary educated.  
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Willingness to report suspected cases of HPAI 
Of the 413 respondents, a total of 408 provided a response to the question pertaining to 
reporting of sudden or suspicious bird deaths (i.e. any number of unexplained sudden 
deaths of birds with no prior signs of ill health). The five that elected not to respond 
were all male respondents from Bali, consisting of three vendors and two collectors.  
The trend among all traders was to not report suspicious bird deaths (Table 6), 
particularly among traders interviewed in Bali (74%, n = 140) or those with a primary 
school level of education (75% (n = 135). Traders who had completed junior school 
were more willing to report than traders who had completed senior school (Table 6). 
Furthermore, seven out of nine respondents who had completed post-secondary school 
studies (included as part of the senior-educated group) stated that they would not report. 
Female traders were also more reluctant to report with 83% (n = 39) saying no, 
compared to 66% (n = 238) of male traders, although the differences were not within 
significant levels (p = 0.058). There were no significant differences in reporting 
behavior between vendors and collectors, or between traders categorized on type of 
poultry or volume of poultry sold.  Of 85 (21%) traders who provided details on whom 
they would inform, 76% (n = 85) said they would inform a village official, 12% (n = 
10) would report to a government animal health worker, 5% (n= 4) to a market manager 
and 4% (n = 3) would tell a veterinarian. In addition, 4% (n = 3) said they would notify 
an officer but did not extrapolate further.  
Table 6. Reporting of suspicious or sudden birds deaths as reported by poultry traders interviewed 
at live bird markets in Bali and Lombok during 2008-2009. 
Factors Number (%) of respondents p- 
value Would report  Would not 
report  
Possibly 
would report 
Location      
 Bali  31 (16.3) 140 (73.7) 19 (10.0) 0.046 
 Lombok  56 (25.7) 137 (62.8) 25 (11.5)  
Gender      
 Male  81 (22.4) 238 (65.9) 42 (11.6) 0.058 
 Female  6 (12.8) 39 (83.0) 2 (4.3)  
Education level achieved       
 No formal 25 (22.3) 75 (67.0) 12 (10.7) 0.022 
 Primary school 27 (15.1) 135 (75.4) 17 (9.5)  
 Junior high school 17 (38.6) 22 (50.0) 5 (11.4)  
 Senior high school  18 (24.7) 45 (61.6) 10 (13.7)  
Trader type      
 Vendor 65 (21.4) 211 (69.4) 28 (9.2) 0.208 
 Collector  22 (21.1) 66 (63.5) 16 (15.4)  
Poultry species      
 Chicken  63 (22.5) 188 (67.1) 29 (10.4) 0.655 
 Duck  13 (22.8) 39 (68.4) 5 (8.8)  
 Chicken & duck 11 (15.5) 50 (70.4) 10 (14.1)  
Trader size      
 Hobby  26 (25.5) 71 (69.6) 5 (4.9) 0.192 
 Small  17 (18.3) 61 (65.6) 15 (16.1)  
 Medium  22 (19.8) 79 (71.2) 10 (9.0)  
 Large  22 (21.6) 66 (64.7) 14 (13.7)  
In addition to the 87 traders who would report suspected HPAI cases, 44 (11%) traders 
also stated that they may ‘possibly report’. More than one third (n = 15) of the 44, who 
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were all from Lombok, said they probably would report suspicious bird deaths if they 
knew where to report. Uncertainty of whether to report or not was also due to traders 
not having any previous experience with suspicious bird deaths (14%, n = 6) or because 
they believed it was unlikely to occur in their flocks (9%, n = 4). A further two (5%) 
traders said their decision to report would depend largely on the number of birds that 
died. However, neither of the two traders specified what number of bird deaths would 
need to occur in order for them to feel it deserves reporting.  
Reasons for not wanting to report suspicious bird deaths were similar to those described 
above. Of the 137 Lombok traders who said they would not report, 58% (n = 79) were 
unaware of whom to inform and 18% (n = 25) it was too inconvenient due to the 
distance they had to travel to find someone to report to.  Not having experienced 
suspicious bird deaths was also a reason for non-reporting in Lombok (12%, n = 16) and 
six (4%) preferred to handle the situation alone (no further details provided). Five (4%) 
traders believed that reporting was unnecessary because AI was not a problem in the 
type of birds they sold (ducks or chickens) or in Lombok and three  (2%) traders were 
reluctant to report because of potential consequences such as “bringing shame”. The 
remaining three traders in Lombok who were unwilling to report did not specify a 
reason. In Bali, only 27 (19%) of 140 traders provided a reason for not wanting to report 
suspicious bird deaths and 93% (n = 25) of those said it was because they had not 
experienced suspicious bird deaths. One (0.7%) respondent was unaware of who deaths 
should be reported to and there was also one (0.7%) respondent who would prefer to 
handle the situation alone. No other traders from provided reasons for not wanting to 
report suspicious bird deaths.   
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Perceptions on the importance of biosecurity in markets 
During the final round of interviews respondents (n = 188) were asked to rate the 
importance of biosecurity in markets on a scale of one (not important) to five (very 
high). Scores ranged between one and four for Lombok and from one to five for Bali. 
Biosecurity within live bird markets was perceived to be more important by vendors in 
Bali (Mean = 3.9, IQR = 3.0-5.0) than in Lombok (Mean = 2.4, IQR = 2.0-4.0, 
psim<.001). Vendors with different education levels also perceived biosecurity 
differently. Uneducated vendors rated biosecurity to be of lower importance (Mean = 
2.5, IQR = 2.0-3.0) than vendors with primary (Mean = 3.2, IQR = 2.0-4.0), junior 
(Mean = 3.3, IQR = 2.0-4.0) and senior school level education (Mean = 4.3, IQR = 4.0-
5.0). Similarly, perceptions of biosecurity importance also appeared to increase with 
trader size categories. Large vendors had an average score of 3.7 (IQR = 2.0-5.0) 
compared to a mean of 3.0 for small and medium sized vendors (IQR = 2.0-4.0 and 2.0-
3.0, respectively) and 2.7 (IQR = 2.0-4.0) for hobby-sized vendors. Differences in mean 
scores between education levels and trader sizes were found to be significant (psim = 
0.002 and psim <.001, respectively). However, there was no significant difference in 
perceptions of biosecurity importance between traders selling chickens (Mean = 3.5, 
IQR = 2.0-4.0), ducks (Mean = 3.2, IQR = 2.0-4.0) or both species (Mean = 3.5, IQR = 
2.2-4.0, psim >0.05). 
Willingness to implement strategies to improve biosecurity in 
markets 
Vendors interviewed in the final round of data collection were also asked about whether 
they would be willing to implement strategies to improve biosecurity (in general terms 
rather than specific measures) within markets. Nearly half (n = 90) of the vendors said 
yes. Two and a half times more respondents in Bali were willing to implement changes 
to improve biosecurity in markets than in Lombok (n = 65 vs. 25 with yes responses. 
P<0.001). Respondents categorized as medium or large-sized or who had a minimum of 
a senior school education were also more willing to implement changes when compared 
to respondents selling smaller quantities of birds or who were less educated (Table 7).  
Table 7. Willingness to implement measures to improve biosecurity in markets reported by 188 
poultry traders interviewed at live bird markets in Bali and Lombok during final round of 
interviews in 2009. 
Trader category Number (%) of respondents  
Willing Not willing Possibly p-value 
Location      
 Bali (n = 95) 65 (68.4) 19 (20.0) 11 (11.6) <0.001 
 Lombok (n = 93) 25 (26.9) 33 (35.5) 35 (37.6)  
Education      
 None (n = 48) 12 (8.3) 22 (45.8) 14 (29.2) 0.009a 
 Primary (n = 99) 55 (55.6) 22 (22.2) 22 (22.2)  
 Junior (n = 19) 9 (47.4) 4 (21.1) 6 (31.6)  
 Senior (n = 22) 14 (63.6) 4 (18.2) 4 (18.2)  
Poultry species      
 Chicken (n = 117) 59 (50.4) 31 (26.5) 27 (23.1) 0.183 
 Duck (n = 30) 14 (46.7) 5 (16.7) 11 (36.7)  
 Chicken & duck (n = 38) 16 (42.1) 15 (39.5) 7 (18.4)  
Trader size      
 300
 Hobby (n = 44) 18 (40.9) 13 (29.5) 13 (29.5) 0.007 
 Small (n = 31) 10 (32.3) 17 (54.8) 4 (12.9)  
 Medium (n = 54) 31 (57.4) 8 (14.8) 15 (27.8)  
 Large (n = 59) 31 (52.5) 14 (23.7) 14 (23.7)  
aSimulated p-value 
More than one-third (n = 33) of vendors in Lombok were against implementing 
changes, compared to 20% (n = 19) in Bali. Only three (16%) of the 19 respondents in 
Bali provided a reason for why they would not be willing to implement measures to 
improve biosecurity within markets. Two of the three said they felt there was no 
problem and therefore no interventions were required, and the third respondent was 
unwilling due to inconvenience. In contrast, 31 (94%) of 33 vendors in Lombok 
provided a reason for their unwillingness to improve biosecurity in markets. The 
majority (55%, n = 17) was uncertain of what would be involved (e.g. cost, time, etc), 
which made them reluctant to be open to implementing improvements. One third (n = 
11) of the respondents in Lombok who provided a reason felt that the responsibility of 
improving biosecurity belonged to market managers or animal health officers rather 
than themselves, particularly vendors selling smaller quantities of birds. A further two 
(6%) respondents felt that it was unnecessary to improve biosecurity in markets because 
they believed that HPAI was not an issue in Lombok. One respondent was unwilling 
due to concerns about the type of measures that would be implemented and how this 
would impact on their sales. The example given by the respondent was the use of face 
masks, which had been recommended to him previously (no mention of by whom) that 
he felt was uncomfortable and he feared that it might deter customers.    
In addition to respondents that were either for or against making changes, there were 
also 46 (24%) respondents, mostly from Lombok (76%, n = 35), who said they might be 
willing to implement strategies to improve biosecurity in markets. Respondents from 
Bali gave no explanations for their uncertainty. Among Lombok respondents, 
willingness largely depended on whether financial assistance and training would be 
provided from the local government or animal health officers (60%, n = 21) or if the 
measures would improve the health of their birds (n = 6, 17%). There were also 
respondents who would only be willing to implement changes if all traders at the market 
equally participated (9%, n = 3) or if the measures were not too inconvenient (the only 
example provided specifically mentioned wearing face masks as an example of 
inconvenient).  
Influence of information sources on trader knowledge of 
HPAI transmission and prevention 
Analysis of information sources and trader knowledge using multinomial logistic 
regression revealed a positive and statistically significant association between the 
number of information sources reported by respondents and ability to identify HPAI 
transmission routes and knowledge of preventative measures. These results indicate that 
for every additional source of information a trader is exposed to we would expect to see 
a 50% increase the number of HPAI transmission routes (OR 1.45, 95% CI: 1.27-1.65, 
p<.001) and preventative measures identified (OR 1.53, 95% CI: 1.40-1.66, p<.001). 
Sourcing information by personal communication would be expected to increase the 
likelihood of a respondent being able to identify HPAI transmission pathways by 35% 
(OR 1.35, 95% CI: 1.07-1.69, p = 0.009) and preventative measures by nearly 50% (OR 
1.47, 95% CI: 1.27-1.71, p<.001) compared to respondents that do not receive 
information from personal communication. However accessing information from 
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television would increase a trader’s chance of identifying HPAI preventative measures 
by 120% (OR 2.19, 95% CI: 1.75-2.79, p<.001) and HPAI transmission pathways by 
130% (OR 2.32, 95% CI: 1.65-3.39, p<.001) compared to respondent that did not 
source information from television. 
Discussion and Conclusions 
The overall low level of poultry trader knowledge about HPAI transmission and 
prevention found in this study, and reluctance to report suspected HPAI cases is 
concerning and may be a contributing factor to the country’s limited success in 
controlling and preventing the spread of the disease in poultry.  
Other than infected birds, there was limited knowledge of the potential of fomites, 
including vehicles, clothing and footwear, except amongst some collectors and large 
traders. Furthermore, 40% of all poultry traders were unable to identify at least one 
HPAI transmission pathway despite the fact that 90% of respondents had been exposed 
to information on avian influenza. Studies conducted in other developing countries also 
reported lack of knowledge about AI amongst poultry traders and workers despite 
exposure to several sources of AI information [24, 26, 39]. 
In contrast, there was a broader knowledge of how to prevent HPAI transmission 
amongst respondents, particularly in Bali where there has been greater government 
intervention following outbreaks and more effective communication between public 
health and animal health agencies at the sub district and village level [40]. Vaccination 
of poultry was not considered to be necessary in the prevention of HPAI, except among 
some traders selling both chickens and ducks. Less emphasis has been placed on 
vaccination as a HPAI control measure in Bali and Lombok compared to other control 
measures such as culling [32], which may explain why few traders mentioned 
vaccination as a preventative measure. The greater knowledge of preventative measures 
among traders compared to understanding of HPAI transmission suggests that traders 
have been exposed to appropriate biosecurity practices or have gained knowledge of 
how to prevent disease in their poultry through experience but have limited exposures to 
how HPAI is transmitted or spread. 
Education level appeared to be a major factor in the level of respondents’ knowledge on 
HPAI and biosecurity, as confirmed by numerous other studies [14, 21, 23-26]. This 
may explain why collectors and large traders, who were better educated, also had higher 
levels of knowledge than other trader categories. However it does not explain why 
knowledge of HPAI and biosecurity were higher among traders selling both chickens 
and ducks compared to traders selling only one species, considering education levels 
were not significantly different. The number and type of information sources were also 
not significantly different between traders based on poultry type. Therefore, it is 
difficult to interpret the differences in knowledge between traders based on poultry 
species from this study alone and possibly warrants further investigation.  
A particularly interesting finding from our study was that being educated and having 
knowledge of HPAI transmission and prevention does not lead to better reporting 
behavior. Respondents who had completed senior school or post-secondary studies were 
no more likely to report suspicious or sudden bird deaths than uneducated traders, 
which correspond to findings from other studies that indicate education and knowledge 
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do not always translate into adopting consistent recommended protective measures 
[23,24, 25, 31]. The low levels of reporting demonstrated in our study may be due to the 
frequent occurrence of poultry deaths in Indonesia meaning that poultry mortalities are 
considered normal and it is therefore difficult for traders or farmers to determine if 
illnesses or deaths are due to HPAI or something else [2, 29]. Fear of authority, possible 
penalties and lack of compensation can also influence people’s willingness to report 
suspected HPAI cases [26, 41]. The fact that traders in Bali were less willing to report 
than in Lombok may also be an indication that Bali traders have experienced negative 
consequences from reporting in the past. Reluctance and uncertainty surrounding 
reporting in Lombok was largely a result of traders not knowing where to report 
suggesting that overall reporting behaviour of traders in Lombok could be improved by 
if this information was provided.  
Another interesting difference between Bali and Lombok identified in this study is 
trader perceptions toward biosecurity. Although the final two questions were presented 
only to vendors our findings demonstrate that vendors in Bali view biosecurity to be 
more important than in Lombok. The higher importance Bali traders place on 
biosecurity and greater willingness to take steps to improve biosecurity in markets could 
be the result of being more informed about preventative measures compared to Lombok 
traders. However it could also be because Lombok traders do not see HPAI to be a 
problem on their island or in the species of birds they sell. Perceptions toward 
biosecurity and willingness to make changes were also found to be more positive among 
traders with better education levels and traders selling larger quantities of birds. 
Considering that large traders were better educated may be one possible explanation for 
their more positive attitude toward biosecurity. However it is also possible that traders 
selling larger quantities of birds have more at stake and therefore place more emphasis 
on disease preventative measures than traders selling small quantities. The study could 
have been improved by asking respondents follow-up questions about what type of 
interventions they would be willing to adopt as it appears as though reluctance of some 
vendors was due to not knowing what would be involved.  
As Naysmith [8] and Goodwyn et al. [42] emphasised, people have to actually believe 
that there is a significant threat to birds and humans to see a genuine reason to change 
(evident by the differences between Bali and Lombok respondents). Perceptions 
towards the efficacy of prevention measures have also been shown to influence 
adoption rates [43]. Therefore, recommended preventative strategies have to consider 
the many subtle social, economic and cultural perceptions of HPAI risk and people’s 
ability to change behaviour [2, 28]. For example, Naysmith’s [8] reporting of Bali 
poultry trader reluctance to wear face masks and gloves for fear that their customers 
will think that they or their birds are unhealthy is highly rational from a business 
perspective. Likewise, the belief that birds from Java were the only source of infection, 
not Bali chickens was based on cultural divisions, and was reinforced by government 
regulation to disinfect only selling areas occupied by Javanese traders [8].  
Working with such social, economic and cultural realities requires a multi-faceted and 
multi-sectoral approach over a long period of time to lead to sustained implementation 
of preventive measures. A combination of regulation, education and economic 
incentives is needed. Regulatory measures such as rules, surveillance and penalties have 
been more effective when developed in consultation with traders and farmers [26, 28, 
44]. As Alders et al. [2] reported, strict regulation of live bird markets without adequate 
consultation with traders can result in parallel trading of birds in ad hoc markets, which 
can contribute to further spread of the disease. Compensation for culled birds can also 
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reduce the perceived disadvantages of reporting sick or dead birds [40] but the price has 
to match market price and be equitable and sustainable [2]. Regulatory measures are 
also more likely to be adopted if live bird market infrastructure is improved at the same 
time as regulations are introduced [44]. 
Engaging poultry traders in educational activities with health authorities could help to 
build relationships and trust [30, 41, 44]. Designing training courses for traders would 
provide opportunities to share information and experiences. Given the mix of ages, 
gender and education levels encountered amongst Bali and Lombok traders, and the 
differences in their knowledge of HPAI and biosecurity, it would be advisable to run 
training courses in peer groups so that the more educated and more HPAI experienced 
traders can share their knowledge and experiences with others. Education and training 
needs to focus on reinforcing existing practices in Bali and on introducing new practices 
in Lombok. This would help to facilitate the flow of practical and credible information 
by word of mouth from trader to trader, instead of relying on media messages alone, 
which may be misunderstood if too technical (e.g. using too many scientific terms) or 
could be ignored if too alarmist. Delivering messages via intermediaries (e.g. village 
heads, local farmers and traders) can also be more effective than mass media or 
government communication programs [29]. However, findings from this study 
demonstrated that television might be a highly effective medium for educating traders 
and improving awareness of HPAI. Furthermore, our findings also indicate that 
exposure to a variety of different mediums of information can also assist in improving 
trader knowledge of HPAI transmission and prevention. This may further explain why 
Bali respondents, collectors and traders selling large volumes of poultry, who all had 
greater access to HPAI information, appeared to have a better understanding of how 
HPAI can enter markets and of how to prevent the disease.  
Several key points need to be considered when interpreting the findings of this study. 
Firstly, the focus of our study was on live bird markets and the majority of traders 
selling poultry in each of the surveyed markets were vendors meaning the two trader 
types were disproportionately represented, which may introduce a certain level of bias. 
However the high response rate enabled us to make statistically significant inferences 
between the two trader types. Markets were also represented disproportionately, mostly 
due to differences in the number of traders working at each site, and this meant that 
samples were too low to conduct statistical analyses to compare individual markets. 
Although respondents were not informed of compensation gifts prior to interviews, it is 
possible that participants learned of this from previous respondents and this may also 
have resulted in a certain level of bias in responses. It is also possible that bias was 
introduced into the study by assuming that respondents were aware of the existence of 
HPAI as a disease of poultry and that it can also cause disease in humans. Another 
important consideration when interpreting our findings is the possibility that 
respondents did not list every single source of information or every transmission 
pathway or preventative measure. Therefore it is possible that traders have had higher 
levels of exposure to information and better knowledge than our findings demonstrate. 
The small number of questions and absence of follow-up questions also limits the 
amount of information retrieved by the study, although our study revealed a number of 
interesting findings that would benefit from further investigation, as mentioned earlier.  
In conclusion, findings from this study indicate that traders have varying degrees of 
knowledge and perceptions toward HPAI and biosecurity, which are largely dependent 
on their education and exposure to AI information. Biosecurity was perceived to be of 
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greater importance by Balinese vendors who were also more willing to implement 
positive steps to improve biosecurity in market. Further investigation is needed to better 
understand the differences in knowledge and perceptions between the different trader 
categories. Given the low level of HPAI knowledge greater efforts are needed by 
multidisciplinary teams to engage local government, market managers and traders in the 
development of education programs, regulatory measures and incentive mechanisms. 
This will help ensure messages are appropriate and easily understood by people of all 
backgrounds and education levels. 
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